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ABSTRACT
The central Australian region has a long tectonic history extending more than 1800 Ma. 
It contains three Late Proterzoic to Palaeozoic basins, the Amadeus, Ngalia, and Georgina 
basins, separated by a region of exposed Early and Middle Proterzoic basement (Arunta Block). 
Major east-west gravity anomalies with amplitudes of 150 mgals are associated with the 
Amadeus and Ngalia basins, but the gravity anomalies over the Georgina basin are more 
complex and subdued. A 30-50 km wide thrust belt at the northern margin of the Amadeus 
Basin extends east-west for about 700 km. It is unusual because, although it contains major 
thrusts and nappes typical of plate collision boundaries, it is an intracratonic feature. Activation 
of the thrust belt was preceded by widespread development of interconnected intracratonic 
basins over a 600 Ma period.
This study examines on the northern part of the Amadeus Basin and its adjacent 
basement, with the primary objective of determining the relationship between basement uplift 
and basin subsidence and to assess mechanical models of basin formation.
The combined geological and geophysical study of the crustal section between the 
Amadeus and Ngalia basins shows the data to be consistent with a 'thick-skinned' style of 
tectonics such as documented in the Wind River region, USA. Geophysical modelling was 
constrained by extensive measurements of rock properties. The teleseismic residual and 
Bouguer gravity data are successfully explained by crustal models in which the Redbank 
Deformed Zone (RDZ) penetrates the crust to mantle depths at an angle of about 45°. These 
models imply crustal shortening of the order of 40-60 km, deduced by area balanced crustal 
sections down to the inferred depth of the Moho.
Basement uplift is documented using structural analysis, metamorphic petrology, and 
isotopic age determination. Detailed structural geology was undertaken in the basement north 
of the Amadeus Basin and concentrated on the RDZ in order to study the nature and age 
relationship of my Ionites there. Two distinct types of my Ionite were recognised. The RDZ 
separates basement blocks with discrete structural and metamorphic histories. Results of Rb-Sr 
analysis showed the two distinct mylonites to have apparent ages of 1400-1500 Ma and 400- 
350 Ma respectively. Subsequently, a program of 40Ar/39Ar age determination was undertaken 
to determine the cooling ages for the crustal blocks between the Amadeus and Ngalia basins. It 
was found that the granulite terrane north of the RDZ was initially cooled below the closure 
temperature for hornblende at about 1450 Ma, whereas the terrane south of the RDZ was 
uplifted and cooled between 1200 Ma and 1000 Ma.
Both the Rb-Sr and 40Ar/39Ar isotopic data establish that considerable uplift occurred on 
the RDZ and related faults in the thrust belt during the Alice Springs Orogeny between about 
300-400 Ma. Analysis of the discordant 40Ar/39Ar spectra implies a major widespread thermal 
pulse which ended at about 350-300 Ma. This pulse appears to record burial under sediments 
and/or thrust slices and subsequent uplift during progressive deformation. A plausible 
temperature window for argon loss in K-feldspar, based on diffusion parameters deduced from 
the experiments, implies that uplift on each of the faults was roughly 10 km with the possible 
exception of the RDZ. The 40Ar/39Ar data, together with Rb-Sr data pointing to mylonitisation 
in the RDZ at 400-350 Ma, is interpreted as indicating that the terrane north of the RDZ was 
uplifted earlier than the terrane to the south. If we adopt a 'thick-skinned' model for the thrust 
belt and a simple progressive 'piggy-back' uplift history, a total maximum Palaeozoic uplift of 
the order of 30 km is deduced by summing the uplifts on each block. Because the faults dip at 
40-50° the total crustal shortening during the Palaeozoic Alice Springs Orogeny may be of a 
similar magnitude to the total uplift north of the RDZ.
The subsidence history at the northern margin of the Amadeus Basin was documented in 
detail because (a) it was there that sedimentation was most complete, (b) it occupies a central
position within the central Australia basins and (c) the relationship there to basement uplift is 
well constrained. This study revealed an episodic subsidence history implying that the basin 
forming mechanisms were also episodic. A study of the shapes of the central Australian basins 
for the period from the Proterzoic to the Carboniferous showed that they changed in sympathy 
with the episodes of subsidence . Furthermore, it was found that these widespread episodes of 
uplift and subsidence could be correlated with tectonic events outside the central Australian 
region. In particular, a period of subsidence in the Early Cambrian correlates with the 
outpouring of plateau basalts and with the development of a passive margin at the southeastern 
edge of the continent
Nine distinct periods of subsidence are recognised for the Amadeus Basin as a whole, 
which were controlled by different driving mechanisms and/or separated by major tectonic 
events.
1) Initial subsidence was preceded by a mild extension expressed by vertical fracturing 
into which several dolerite dyke swarms were emplaced, ending at about 900 Ma. A simple 
model, such as has been suggested for the development of some passive margins, may explain 
this first subsidence interval.
2) During the first of two Late Proterzoic glacial periods, a pattem of early, deep, 
relatively narrow and markedly asymmetrical basins is tentatively explained by activity on a 
thick-skinned fault zone at the southern margin of the Amadeus Basin. The widespread 
transgression, late in this depositional interval, is interpreted in terms of a drop in the principal 
(horizontal) compressive stress, once the thick-skinned fault became locked.
3) A similar pattem of sedimentation in the next glacial period suggests a similar 
tectonic driving mechanism, but the two periods were separated by a major period of uplift and 
erosion.
4) A major rearrangement of the central Australian basins then took place in the Early 
Cambrian. The change corresponds to extensive outpourings of plateau basalts near the craton 
margin, implying large scale extension there. The depositional area became segmented into 
small basins, which continued to develop into the next depositional interval, is interpreted to 
imply a continuity of tectonic processes.
5) A rapid increase in subsidence in the mid-Cambrian affected much of the central 
Australian region (e.g. the Amadeus, Ngalia and Georgina basins), and suggests a common 
tectonic mechanism. A model involving the development of widespread extension on a flat 
mid-continental detachment zone is proposed. In this model, stretching of the lower plate, 
made up of lower crust and mantle, leads to widespread subsidence, driven largely by the 
subsequent cooling and thickening of the lithosphere. The upper plate is essentially passive 
and, therefore, lacks the evidence, such as normal faulting, commonly associated with 
extensional tectonics.
6) The continuation of progressively decreasing subsidence in the Ordovician is 
considered to be the consequence of a cooling and thickening lithosphere. A period of uplift 
separating the intervals was related to contractile tectonism at the southeast margin of the craton. 
An enigmatic increase in the rate of subsidence late in depositional interval 6 is correlated with, 
and may have been related to, extensional tectonism leading to the development of a half-graben 
in the Canning Basin.
7) A major change in basin shape during depositional interval 7 in the mid-or late 
Ordovician suggests a change in tectonic driving forces, but there are insufficient data to deduce 
the mechanism.
8) In the Late Silurian or Early Devonian, the basin depocentre returned to a position 
near that of depositional interval 6, but the basin became much narrower. This subsidence 
appears to be unrelated to structures which became active during the major contractile tectonism 
which followed.
9) In the Late Devonian and continuing into the Carbonferous, major horizontal 
compression resulted in reactivation of a major thick-skinned fault zone (RDZ). The resulting 
synorogenic deposition accounts for 20-30 per cent of the total basin fill.
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CHAPTER 1
INTRODUCTION
1.0 INTRODUCTION
1.1 Introduction
The purpose of the thesis is to determine the relationship between basement uplift and 
basin subsidence in central Australia, with a view to assessing mechanical models of basin 
formation in the region. The plan is to determine how closely, over how wide a region, and 
under what circumstances, uplift and subsidence were linked. Although numerous studies 
have been concerned with subsidence, few studies, apart from those on the loading of 
forelands by thrust sheets (Beaumont, 1981; Jordan, 1981) and the compressional viscoelastic 
flexure model (Lambeck 1983,1984), have examined the degree and causes of coupling 
between basement uplift and basin subsidence. Burke (1976) related late-stage subsidence of 
the Chad Basin to uplift and erosion at its margins, and similar effects have been documented in 
the late stage of the Williston Basin (Ahem and Mrkvicka, 1984). Fission track data from 
apatite have been used to estimate the age and magnitude of basinal uplift preceding the 
formation of the Williston basin by Crowley et al (1985). Uplift has also been studied in 
relation to the detailed correlation between Bouguer gravity and topography, as shown by the 
isostatic response function in the wave number domain (e.g., the southeastern Highlands of 
Australia and central Australia, Stephenson and Lambeck, 1985; Lambeck and Stephenson, 
1986).
In the present study, basement uplift in central Australia is found to be strongly linked 
to basin subsidence during some periods of basin development, but no link is found during 
other periods. The degree of linkage between basement uplift and basin subsidence places 
constraints on mechanical models of intracratonic basin formation. Processes responsible for 
the formation of intracratonic basins, such as those in central Australia, are still poorly 
understood. Assuming that the important tectonic processes operate on the scale of lithospheric 
plates, the degree and scale of coupling of basement uplift and basin subsidence provide 
information on both the rheological state of the lithosphere and the nature of the tectonic driving 
forces. General relationships between uplift and subsidence are established for the central 
Australian region over a period of more than 600 Ma. These relationships are then used to
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constrain various models of basin formation, leading finally to an assessment of basin forming 
mechanisms in the central Australian region.
The study focuses on the uplift of Arunta basement and the extent to which it is linked 
to subsidence in the adjoining Amadeus Basin. The northern margin of the Amadeus Basin is 
expressed geophysically as a major gravity gradient between a gravity trough over the basin 
and a ridge over the basement with an amplitude for the Bouguer anomalies of up to 200 mgals. 
It is presumed that this gradient reflects deep crustal structures, produced by movement on a 
major thrust system which controlled both basement uplift and basin subsidence. The 
basement uplift is documented in detail using regional geology, structural geology, 
metamorphic petrology and both Rb-Sr and 40Ar/39Ar geochronology. The study demonstrates 
how a detailed knowledge of basement structures and uplift history can constrain models of 
basin evolution. The study also represents an attempt to apply modem concepts of basin 
formation to ancient basins formed in the late Proterozoic and early Palaeozoic, where 
additional complexities exist due to subsequent tectonic processes.
The central Australian basins (Fig. 1-1) provide excellent examples of intracratonic 
basins. They are indisputably intracratonic (Shaw et al ,1984), lying in the centre of a 
Proterozoic craton at least several hundred kilometers from any present-day, Palaeozoic or Late 
Proterozoic continental margin. They include the Amadeus, Ngalia, Wiso, Georgina and 
Officer Basins. These basins show remarkable continuity of facies, and many units are readily 
correlateable from one basin to the next (Plumb et al, 1981; Wells and Moss, 1983). They also 
show similar stratigraphic development to the Adelaide Geosyncline in the Proterozoic and to 
the Canning Basin in the Palaeozoic.
Several different mechanisms of formation have been proposed for the Amadeus Basin. 
Rutland (1976), Doutch and Nicholas (1978), and Bozhkov (1986) have proposed that the 
Amadeus Basin represents an aulacogen, that is the sediment-filled, failed arm of a major rifted 
triple-junction. The basin was seen to be formed by large-scale rifting, the other two arms 
eventually becoming the western margin of the Tasman Orogen. Veevers et al (1984) suggested 
that Amadeus sedimentation was coeval with, and slightly oblique to, several major ENE 
continental transform faults, and that the basin was therefore a giant pull-apart feature.
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Lambeck (1983,1984) and Lloyd (1986) have proposed compressional models involving 
varying degrees of crustal flexure and block faulting, respectively, during essentially north- 
south compression. In most cases, workers have attempted to explain the bulk of the basin 
sequence in terms of a single mechanical model.
A close examination is made of basin subsidence history, and of geometry and 
lithofacies at the northern margin of the Amadeus Basin. It is recognised that the basin is 
divisible into a series of distinct sequences separated by unconformities. Each sequence has a 
characteristic subsidence history. The episodic nature of subsidence suggests that the Amadeus 
Basin may not be a simple basin formed by a single mechanism of lithospheric deformation. 
Instead it suggests a complex basin made up of a succession of depositional intervals formed 
by essentially independent tectonic driving forces. Concurrently with the present study, 
Lindsay and Korsch (in press) and Korsch and Lindsay (in press) have proposed that the 
Amadeus Basin formed over 600 Ma in three simple long-lived stages: the first two extensional 
and the last one compressional. An even more complex history is proposed here.
Intracratonic basins, in general, are poorly understood both in terms of the mechanics of 
their origin and in their relationship to plate tectonic processes. Some last for periods in excess 
of 100-200 Ma, with only minor breaks in sedimentation. The central Australian intracratonic 
basins have several distinctive features.
(1) They are large, measuring up to 200 km wide and up to several hundred 
kilometres in length.
(2) They persist for long periods of time, well in excess of 400 Ma - in some cases 
for 600 Ma or more.
(3) They lack deep water sediments, being typically made up of shallow marine 
deposits, deltaic sediments and terrigenous elastics.
(4) They commonly have their greatest thickness at their margins and are most 
intensely deformed over the sites of older mobile belts (Plumb, 1979; Mathur and 
Shaw 1982; Shaw et al., 1984). To the extent that they are developed over older 
mobile belts, they are not strictly 'cratonic', yet many, so called 'cratonic' basins 
fall into this class.
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(5) They appear to be more typical of the Late Proterozoic and Early Palaeozoic than 
the Late Palaeozoic, Mesozoic and Cenozoic.
The main mechanical factors governing lithospheric deformation leading to intracratonic 
basins are:
(1) gravitational loading of the surface by sediments or thrust sheets and unloading 
by erosion;
(2) thermal expansion and contraction by time-dependant behaviour of the 
lithosphere;
(3) horizontal forces (either extensional or compressional) acting within the 
lithosphere.
It is the evolving interplay between these factors that controls basin development What 
characterises the formation of a particular basin is the dominance of one of these forces over 
another. Basins formed by horizontal forces acting on the scale of lithospheric plates are 
potentially distinctive because subsidence or uplift will tend to be synchronous over large 
regions. Simple criteria sometimes allow a first order classification into either compressional or 
extensional basins. It will be shown, for example, that in compressional models uplift in the 
adjoining hinterland may be of the same order of magnitude as basin subsidence, whereas in 
extensional models marginal uplift is much less than subsidence and is commonly a transient 
effect except for embryonic rifts like the East Africa Rift.
The degree of influence of in-plane forces on intracratonic basin formation is given 
particular attention in this thesis. It is widely accepted that tectonic forces at plate margins can 
generate in-plane compressional or tensional stresses of large relative magnitudes well inboard 
of plate margins (Richardson et al, 1979; Cloetingh and Wortel, 1985, 1986; England et al, 
1985). Intraplate deformation leading to uplift or subsidence may result from the interplay 
between these regional stresses and local stresses and structures. For example, in-plane forces 
may interact with sediment loading at continental margins (Cloetingh et al, 1982), or with stress
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concentration in deep faults and shear zones suitably oriented for reactivation in either 
compression (Lloyd, 1986), or in extension (Wernicke, 1981, 1985).
The time span for different basin-forming mechanisms may also be distinctive. For 
example, some thermal models require a time lag comparable to the thermal time constant for 
the lithosphere (about 50-70 Ma), between the initial thermal pulse and the attainment of a 
maximum geothermal gradient and thinning (Houseman and England, 1986). For such 
models, about 1/3 of the total subsidence occurs in the first 50-70 Ma. On the other hand, fault 
related mechanisms, such as foreland loading, can produce a very rapid or instantaneous 
response in terms of subsidence, recording periods of uplift or thrust advancement.
The thesis has five parts.
1) A review is made of basin-forming mechanisms.
2) The crustal structure of the central Australian region is outlined and the results of 
gravity, magnetic and teleseismic analysis are summarised.
3) Basement structure and uplift history are described and shown to place major 
constraints on the tectonic driving forces operating during the evolution of central Australian 
basins.
4) The evolution of the central Australian basins is analysed to further constrain 
mechanical models of basin formation. Particular emphasis is placed on the northern Amadeus 
Basin, which has been extensively studied and provides a more complete reference succession.
5) An assessment is made of mechanical models of basin formation. What is found is 
that in-plane force models are the key, in which the compression fluctuates between positive 
and negative. Two models, one extensional and one compressional, are found to be reasonably 
consistent with geological constraints and explain several enigmatic features of the central 
Australian basins. In conclusion, general relationships between uplift and subsidence are 
highlighted and the value of basement studies to the analysis of basin evolution emphasised. 
An outline is given of these two tentative models for uplift and subsidence in central Australia. 
The results are also shown to have implications for crustal rheology.
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1.2 A review of basin forming mechanisms
An examination of the central Australian basins shows that they have a complex, 
episodic history, implying that more than one basin-forming mechanism is involved. It is, 
therefore, necessary to make a critical review of various basin-forming models in order to 
subsequently assess which models provide the most appropriate explanation of basin evolution 
in central Australia. Key basin parameters for several basin-forming mechanisms are 
summarised in Table 1-1 and Figure 1-2 and their significance in terms of the various models is 
explained further as the mechanisms are reviewed
1.2.1 Gravitational Models
It is useful to consider loads within the lithosphere in isolation, even though such loads 
are inevitably caused by external tectonic driving forces. Such an approach has been used to 
model several basin types. For example, foreland basins are the result of compressive forces, 
but the basins are modelled in terms of vertical loads only and the interaction between the 
advancing orogen and the basin is restricted only to a redistribution of vertical loads. This is a 
major limitation of the model, but not of the mechanism in principal. Sediments deposited well 
away from the source can also act as loads. Metamorphism induced by a thermal input may 
induce density changes causing significant regional loads.
Where the rigidity of the lithosphere is unimportant, local isostatic balance of vertical 
forces gives an approximate estimate of uplift and subsidence due to a change in the distribution 
of mass. Local isostatic balance is generally assumed for extensional models because mass 
deficiencies of the low density sediment are offset by crustal thinning or by an increase in 
crustal density (Lambeck, 1983). Local isostatic balance is assumed for the lithosphere where 
the crust is extensively faulted or the lithosphere has a low rigidity. Where the lithosphere is 
considered rigid, on geological time scales, the load is spread over a distance dependent on the 
magnitude of the flexural rigidity. In this case, regional isostasy applies. Figure 1-2 (i) shows 
how the flexure widens as the rigidity increases from 1.E24 Nm to 1.E26 Nm for a line load 
using simple thin-plate elastic theory. The subsidence for more complexly distributed loads is 
spread over a wide region, as detailed for various load combinations in Hentenyi (1974).
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The lithosphere appears to behave elastically for short time spans (1-10 Ma). Whether 
the lithosphere behaves viscoelastically on time spans greater than 100 Ma is controversial. 
However, it is difficult to distinguish the response of a viscoelastic crust from that of a 
lithosphere with a depth-dependent rheology (Quinlan and Beaumont, 1984; Nakiboglu and 
Lambeck, 1981).
The lithosphere may be loaded by a variety of mechanisms including:
(1) sediments derived from outside the region of consideration by an unspecified 
mechanism;
(2) thermally induced changes in the density of the lithosphere, for example, due to 
the metamorphic transition from basalt to eclogite; and
(3) the horizontal transport of surface loads by compression in fold-thrust belts.
1.2.2 Compressional Basin Models 
1.2.2.1 Introduction
Compressional basins differ from extensional basins in several important respects 
(Beaumont, 1981; Lambeck, 1983; Lloyd, 1986: see Table 1-1).
(1) The amount of peripheral uplift in the adjacent hinterland is greater than, or of the same 
magnitude as, the amount of subsidence. Ratios of subsidence to uplift are typically 2.0 or less 
(Fig. 1-2 iii,b).
(2) The basins show a distinct polarity in that the zone of maximum subsidence occurs 
alongside or close to the zone of maximum uplift.
(3) Subsidence rates are sensitive to the application of the applied load and have rates that 
show rapid increase over short periods of time, corresponding to periods of nappe advance 
(Fig. 1-2 ii,b).
(4) Compressional forces produce zones of crustal shortening and thickening with the result 
that compressional basins tend to correspond to negative gravity anomalies.
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(5) Mechanical equilibrium is maintained between forces, rather than isostatic equilibrium as in 
extensional models. Consequently, in such regions where there is mechanical rather than 
isostatic balance, an anomalous, asmithually dependant correlation exists between the 
frequency distribution of Bouguer gravity anomalies and topography (as expressed by the 
isostatic response function in the wave number domain; see Stephenson and Lambeck, 1985 
for the central Australian example).
The three main types of compressional basins are:
(1) Foreland basins
(2) Tilted-block Basins
(3) Viscoelastic Flexural Basins
1.2.2.3 Foreland basins
Foreland basins may form in the retro-arc position behind plate boundaries and are 
caused ultimately by a rising fold thrust belt induced by long-lived, horizontal compression. In 
the modelling of foreland basins, thrust nappes, encroaching on the foreland, are treated as 
vertical loads arbitrarily applied to a lithosphere assumed to behave as an elastic or viscoelastic, 
thin plate. Price (1973) first drew attention to the distinctive nature of retroarc foreland basins 
formed next to Cordillera type orogens. Foreland basins have been subsequently modelled 
mechanically by Beaumont (1981) and Jordan (1981). Loading of the lithosphere by foreland 
thrust belts can cause flexure of the lithosphere up to 500 to 600 km from the thrust belt 
(Quinlan and Beaumont, 1984). A peripheral arch is predicted on the foreland side of the 
foreland basin. Viscoelastic relaxation or a reduced load in the immediate foreland may cause 
the basin to contract in width and the arches at the edge of basins to become emergent.
Two outstanding problems with the concept of foreland basins are:
(1) the estimated load is generally greater than can be produced by the deduced height 
of the adjacent highlands (Beaumont, 1981, Beaumont et al, 1986) unless visco­
elastic behaviour of the lithosphere or complex thrust geometries are assumed;
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(2) if the crust is behaving elastically then much of the basin would be removed due 
to isostatic rebound once the loading mountain range has been removed by 
erosion.
1.2.2.3 Tilted Fault-Block Basins
Tilted fault-block basins (Lloyd, 1986) form when a regional horizontal compressive 
stress is applied to distinct crustal blocks separated by reverse faults. Fault reactivation leads to 
a series of troughs and flanking mountains (Fig. l-2,iii). In the simplest case, the faults 
terminate within the crust so that the mantle is not involved. The zone of termination may be a 
decollement or a zone of reduced strength. In the case where the faults penetrate the mantle, the 
buoyancy forces are increased. In this case, lithosphere is modelled as a broken plate. A 
deeper, flexed basin will result if the blocks are sufficiently long that lithospheric flexure 
becomes important. This mode of deformation is particularly relevant to central Australia and 
will be analysed in more detail in Chapter 5.
The tilted fault-block model assumes that pre-existing basement faults are reactivated by 
horizontal compressive stresses of the order of 100 Mpa. The blocks are assumed to rest on an 
inviscid fluid made up of low viscosity mantle or lower crust. The behaviour of the blocks is, 
therefore, very dependent on the rheological stratification of the lithosphere.
The subsidence history of the basin is controlled by the fault activity. Depocentres tend 
to remain fixed near the active fault. Subsidence increases linearly towards the fault where the 
fault blocks behave rigidly (i.e. are less than 100 km wide). Subsidence is more rapid for the 
wider fault blocks where flexure is important. Compressive pulses may cause sudden increases 
in block tilt and hence subsidence. The total subsidence is effectively increased when an 
overriding block 'leans' upon an adjacent block so that a movement is transmitted across the 
fault.
Lloyd (1986) has devised simple mechanical relationships between block width, fault 
dip, block rotation and the amount of crustal shortening. The compressive force needed to 
rotate the blocks is reduced four-fold if erosion of upwarps keeps pace with deposition in the 
troughs and the resisting buoyancy forces of the mantle.
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Because compression contributes to basin formation, in addition to loading, the amount 
of subsidence is more nearly equal to the amount of uplift than in the foreland basin case: ratios 
subsidence uplift being typically in the range 0.65 to 0.95 (Table 1-1, see Lloyd, 1986). Initial 
rapid fault-controlled uplift and subsidence may diminish rapidly as forces become balanced 
and the rate of continued uplift and deposition become controlled by the rate of erosion.
Sedimentation accompanying fault activity will be similar to that of foreland basins 
except that a greater proportion of coarse-grained molasse-like sediment may concentrate near 
the faults. Documented natural examples of fault controlled sedimentation show coarsening- 
upward cycles (Steel, 1976). Bursts of rapid deposition corresponding to active fault 
movement may alternate with periods of slow sedimentation or Stillstands when uplift is 
dominated by the erosion rate, a process which would occur whenever the fault becomes 
locked.
Two unanswered questions with this model are: 1) How are the faults formed in the 
first place? Are they, for example, reactivated plate or sub-plate boundaries? and 2) How are 
displacements accommodated at depth in the lower crust or mantle?
1.2.2.4 Viscoelastic Flexural Basins
Lambeck (1983, 1984) has proposed one class of intracratonic basin formed by the 
long-term application of in-plane compression to unfaulted lithosphere. A spectrum of 
perturbation within or on the lithosphere act as initial deflections. These embryonic deflections 
are magnified elastically and then grow, as long as:
(1) flexural warping is amplified by erosion of uplifted regions and by sediment 
filling depressions.
(2) viscoelastic flow takes place to relax flexurally induced stresses in the deforming 
lithosphere.
There are two important limitations to the model:
(1) the compressive stresses required are moderately large, i.e. 400 Mpa for a 
lithosphere with an effective elastic thickness of about 20 km.
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(2) Periods as long as 300 Ma may be required for significant viscoelastic relaxation 
to take place, for reasonable values of compression (several kb) if basin depths 
of several km are required.
The geometry of the basin is governed principally by the combined average density of 
the eroding basement and the depositing sediment and the magnitude of the compressive force.
The model predicts that the basin will rapidly narrow from its initial width to a specified 
width determined by the dominant wavelength, which develops with increased viscoelastic 
relaxation and which depends on the ratio of the in-plane compression and the mantle buoyancy 
force. For reasonable parameters the basin is predicted to narrow from about 200 km to a 
width of about 130 km within about 200-300 Ma (see Lambeck, 1983, Fig. 3). The relatively 
rapid migration of the depocentre toward the uplifting basement and an accelerating rate of 
subsidence are predicted once the critical wavelength conditions are met. Migration of the 
depocentre leads to a progressive onlap of the depositing unit over the emerging basement 
(Lambeck, 1983, Figs. 4 and 7). In theory, it is conceivable that one initial basin may develop 
into two basins of smaller width once sufficient time and, hence, viscoelastic relaxation, are 
allowed to permit shorter wavelength features to develop. Whether stress relaxation is sufficient 
for deflection to grow at or near the critical wavelength is dependent on the adopted value of the 
Maxwell relaxation constant (x) and the effective surface density which controls the effective 
buoyancy force. For reasonable values of effective surface density (pe), compressive force 
(N), and the time constant (x), 200 Ma or more may be required before deflections in excess of 
1 km will develop (cf Lambeck, 1983, Fig. 12). Much higher in-plane compression (N), 
effective surface densities (pe), lower flexural rigidities (D), or a shorter time constant are 
required to shorten the time interval required.
In all cases, basement uplift is greater than subsidence and the ratio of subsidence to 
uplift is in the range 0.3 to 0.9. (Fig. 1-2 iii,b). The ratio of subsidence to uplift is increased if 
the effective surface density is increased (i.e. ps> 2.5 Mg m-3), the compressive force (N) is 
increased or the Maxwell time constant (x) or the flexural rigidity (D) are reduced. For 
viscoelastic flexural, models a smaller Maxwell time constant (x) mean that less total subsidence
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is likely for a given time span (Fig. 1-2, iii,b). In practice, a decreasing ratio suggests an 
increasing external compressive stress or an increase in the effective compressional stress due 
to a reduction in the effective elastic thickness of the crust. In the likely case of a negative 
thermal anomaly under the basin and a positive anomaly under the uplifting basement, the ratio 
of subsidence to uplift will be progressively reduced. The model predicts that subsidence and 
uplift rates will increase progressively with time. The history of sedimentation predicted by the 
model is very distinctive: that is extremely slow subsidence, for at least 200 Ma and possibly 
300 Ma, followed by progressively rapidly increasing subsidence. Because the rapid 
subsidence is coupled to nearby basement uplift, the sedimentary deposits should show a rapid 
increase in grain size and an increase in content of unweathered basement as the rising highland 
is more rapidly eroded. In theory subsidence and hence sedimentation should be continuous.
1.2.3 Thermal Models
1.2.3.1 General Thermal Models
Thermal models of lithospheric cooling (e.g. Sleep, 1971; Sleep and Snell, 1976) 
attempt to explain subsidence at Atlantic-type passive margins by thermal contraction following 
heating. To produce 3-4 km of initial subsidence on the continent due to isostatic adjustment, 1 
km of thinning of the lithosphere by erosion has been invoked (Sleep, 1971) (Fig. 1-2, v). 
Initial subsidence is followed by subsidence driven by thermal contraction (Sleep, 1971, Sleep 
and Snell, 1976).
In summary, there are serious difficulties with thermal models, principally:
(1) regional unconformities, representing the period to produce sufficient 
lithospheric thinning by surface erosion, often are missing,
(2) thermally derived basins commonly persist longer than the thermal time constant 
of 50-70 Ma, because of a longer erosional time constant which typically 
increases with age (Stephenson, 1984) and
(3) in many cases the heat source is obscure.
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1.2.3.2 Basins formed by thermally induced phase changes
A phase change from greenschist to amphibolite facies in juvenile crust has been 
proposed (Falvey, 1974; Falvey and Middleton, 1981) to explain subsidence at rifted 
continental margins. The model has been extended by Middleton (1980) to explain subsidence 
in the intracratonic Eromanga Basin. The model adopts unreasonably high density increases 
during the progressive metamorphism and is only applicable if the crust has not previously 
been metamorphosed, which is unlikely in most intracratonic settings.
The phase change from gabbro to eclogite (or to garnet granulite) involves a major 
increase in density from about 3.0 Mg m-3 to 3.4 Mg m-3 and is a plausible way for the 
average density of the lithosphere to be increased and so has been invoked as an explanation for 
subsidence in intracratonic basins (Haxby et al., 1976; Fowler and Nisbet, 1985). It is a likely 
transformation because eclogite may be a stable phase under commonly prevailing PT 
conditions in the lower crust and upper mantle and gabbro may be metastable under such 
conditions (Green and Ringwood, 1967). An increase in temperature due, for example, to a 
rising mantle plume, may favour an increase in the reaction kinetics and cause the gabbro to 
eclogite transformation. The gabbro to eclogite transition is suggested as an explanation for the 
high seismic P wave velocities recorded under the Williston Basin in the U.S.A. (cf Quinlan, in 
press).
Artyushkov and Baer (1985) suggest that a thermally induced transformation from 
gabbro to eclogite or garnet granulite in the lower crust is sufficient to induce a rapid increase in 
subsidence. For such metamorphism to occur, a sediment dominated crust needs to thicken to 
in excess of 30 km. In the examples cited by Artyushkov and Baer (1985) the initial stage of 
subsidence allowing deposition of shallow water sediments is left unexplained.
1.2.3.3 Mantle plume models
A particular variant of thermal models are mantle plume models (Fig. 1-2, vii). These 
models may also involve extension. Mantle upwelling, accompanying a local hot spot in the 
asthenospheric mantle, will induce uplift which may be followed by subsidence, if some related 
process induces thinning of the lithosphere or a change in its density. Subaerial erosion has
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been proposed in the hotspot epeirogenic model of McGilvary et ah, (1985), but erosion rates 
are probably too slow to make this mechanism viable. Assimilation of lower crust by mantle 
may reduce the buoyancy of the crust and lead to substantial subsidence, as proposed by 
Artemjev and Artyushkov (1971) for the Baikal rift.
Another mechanism which reduces the thickness of the crust and, thereby, decreases the 
overall buoyancy of the lithosphere, is sub-crustal erosion (Quinlan, in press). The lithosphere 
also may be mechanically thinned by lateral transport of basal material in a convective flow 
(Keen, 1985). In the dynamic extension model proposed by Houseman and England (1986) 
widespread dynamic uplift is predicted to precede basin formation (Fig. 1-2, vii,a,b,c). 
Lithospheric thinning may occur due to ductile flow of crustal materal away from the uplifted 
region. Dynamic uplift due to the buoyancy of upwardly convecting mantle means that a 
region of elevated topography of unspecified width (possibly 500 km) exists during the life of 
the mantle plume. Rapid tectonic subsidence is produced by decay of the plume as illustrated in 
Figure 1-2, (vii,d).
1.2.4 Extensional Basin Models
1.2.4.1 Outline of Models
Extensional basin models display some important differences to compressional models:
(1) After initial rapid subsidence, subsidence rates decrease progressively with time;
(2) The marginal zone of uplift is very much less in magnitude than the subsidence in 
the basin, the ratio of subsidence to uplift typically being in the range 5 to 20 
(Table 1-1);
(3) Lithospheric thinning during extension results in upwelling of the asthenosphere, 
which may be preserved as a regional gravity positive under the basin.
1.2.4.2 Pure Shear Stretching Models
Lithospheric stretching, followed by a thermal pulse produced by the upwelling of 
buoyant asthenosphere, removes the problem of the unconformity at the base of the sediment
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pile predicted by simple thermal models. Instead, pure shear stretching models (McKenzie, 
1978, Sclater and Christie, 1980; Le Pichon and Sibuet, 1981) predict a distinct "break-up" 
unconformity marking the end of the stretching phase and the start of the sag phase at the onset 
of thermal contraction of the lithosphere. The unconformity corresponds to an abrupt decrease 
in subsidence rate and to the start of large scale regional subsidence. It need not necessarily 
produce an angular unconformity (Fig. 1-2, vi,a,b,c). Such an abrupt change within a 
dominantly marine facies is seldom observed. Rather, terrestrial sediments in the rift phase are 
commonly followed by shallow water sediments in the sag phase.
The simple stretching model of McKenzie (1978) has been re-examined in terms of 
finite extension (Jarvis and McKenzie, 1980; Cochran, 1983), non-uniform extension in two or 
more layers (Sclater et al., 1980; Hellinger and Sclater, 1983; Royden and Keen, 1980) and 
complex rheological layering in the lithosphere (Beaumont et al., 1982a; England 1983; Keen, 
1985). Other complexities which have been modelled are multiple stage extension (Barton and 
Wood, 1984), and the lateral conduction of heat from a more extended central region to less 
extended margins (Steckler, 1981; Cochran, 1983).
A distinct basin morphology is predicted by the McKenzie (1978) stretching model. 
During the sag phase the lithosphere cools and becomes more rigid so that its effective elastic 
thickness increases. Consequently, the width of the depression increases in response to 
sediment loading (Beaumont et al., 1982a, Watts et al., 1982). The final basin width is 
predicted to be 5 to 6 times its initial value in the rift phase (Beaumont et al., 1982a).
Uplift of the rift shoulders is expected to accompany the syntectonic faulting and rapid 
initial subsidence. For intermediate amounts of stretching (ß = 1.5-2) rift shoulders may be 
accentuated due to:
(1) A sharp increase in ß with depth (Royden and Keen, 1980; Sclater et al, 1980; 
Beaumont et al, 1982a) possibly coupled with a widening of the zone of 
extension (Rowley and Sahegian, 1986), may result in up to 1-2 km of uplift 
spread over 50-100 km.
(2) A lateral heat flux at the margins may induce rapid stretching (Royden et al., 
1980; Cochran, 1983), producing, over a period of about 30 Ma, rift shoulder
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uplift of the order of 100-500 m, which may be expected to decay over 120-150 
Ma.
(3) Differential isostatic adjustment at the rift margin may also produce small 
amounts of uplift (Beaumont et al., 1982a).
The kinematic stretching model of McKenzie (1978) does not explain cases where the 
uplift precedes rift formation. Such domal uplift precedes rifting in several presently active rifts 
(Baker et al., 1972; Illes, 1972; Neugebauer, 1978). Pre-rift uplift is also deduced from 
unconformities preserved in ancient rifts (Falvey, 1974). Uplift of the type illustrated in Figure 
l-2(vii) which may lead to wedge subsidence has been modelled in a preliminary form by 
Middleton (1984). He showed tensional stresses may be high enough (i.e. 100 Mpa) to induce 
tensile failure and allow magmatic injection of asthenospheric material.
1.2.4.3 Simple Shear Models
Large lithospheric extensions may also be produced by movement on a major low-angle 
detachment zone of lithospheric scale as proposed by Wernicke (1981, 1985). This model is 
derived from the recognition of low-angle detachment zones beneath normal fault terrains in the 
Basin and Range Province in western U.S.A. (Davis et al., 1980). The detachment zone is 
envisaged to behave as a fault zone in the upper crust and a ductile shear zone at greater depth 
as suggested in the deep crustal fault model of Sibson (1977). Beach (1986) has explained the 
asymmetry of normal fault systems in the North Sea Basin by linking them to a major 
extensional shear zone. Lister et al. (1986) explain many of the structural and topographic 
features of passive margins by a detachment zone in which opposite margins of a rifted ocean 
basin have complementary upper plate or lower plate structures. The sense of asymmetry 
between zones of detachment may switch across transfer faults, which are the continental 
equivalent of transform faults (Gibbs, 1984).
Voorhoeve and Houseman (in press) have made a one dimensional calculation of the 
thermal evolution of a simple shear model and compared it with that predicted for the pure shear 
model of McKenzie (1978). The total subsidence is the same as that for the pure shear model
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of McKenzie (1978), but the thermal subsidence is about half that for the pure shear case and 
the initial subsidence correspondingly greater. Using their parameters the initial maximum 
water-covered subsidence at the point of extension when sea floor spreading is about to 
commence is about 5.3(l-l/ß), which is about 1.6 times greater than the value estimated for 
pure shear models. The effect of including radioactive heating in the upper crust is to increase 
the heat loss and the thermal subsidence.
The simple shear and pure shear models are idealised end-members of a range of 
possible models (Wernicke, 1985). Pure shear is expected to be more important in the deeper 
parts of the lithosphere dominated by ductile processes, whereas simple shear may dominate 
deformation in the upper, colder and more rigid part of the lithosphere. A mismatch between 
sites of upper crustal simple shear and lower-crustal pure shear may result in complex patterns 
of subsidence. If the site of pure shear is localised under a thin-skinned extensional basin 
formed by simple shear, then anomalous features such as localised uplift and subsequent 
thermal subsidence in a faulted basin result. Such features can cause anomalies in estimates of 
stretching factors (ß) (Coward, 1986).
More complex models (Lister et al., 1986; 1987) incorporate features such as 1) flat 
sections in the detachment zones; 2) flat detachment combined with ramping from one 
detachment zone to the next; 3) sub-detachment attenuation of the lithosphere; and 4) multiple 
detachments.
In these models, detachment is envisaged to be localised in zones of reduced strength, 
predicted 1) at mid-crustal levels in normal crust below the brittle-ductile transition and 2) 
below the crust-mantle boundary. Between these detachment zones the lithosphere behaves as a 
beam or stress guide. The detachment zones may ramp between zones of weakness producing 
synclines or ramp basins as the upper plate is pulled down to the lower detachment level. 
Where the lower crust and mantle have reduced strength, extreme sub-detachment stretching of 
the lithosphere may be achieved without significant extension in the crust above. If the 
detachment zone is sub-horizontal the subsidence may take place over regions hundreds of 
kilometres across.
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1.2.5 Transtensional and Transpressional Basins
The interaction of horizontal extension or compression with obliquely oriented zones of 
lithospheric weakness can result in a variety of transtensional and transpressional segments as 
shown by Harland (1971). Basins formed in this regime tend to have some of the features of 
their simpler extensional or compressional counterparts. For example, the transtensional basin 
in the Gulf of California shows features such as tilted fault blocks, horsts and grabens 
(Withjack and Jamison, 1986). In theory, a tilted-fault block basin is one type of 
compressional basin which could develop in a transpressional regime. In general, basins 
developed in a strike-slip fault system (with en-echelon, anastomosing and branching fault 
patterns) tend to be relatively narrow, rhomb-shaped and discontinuous (Reading, 1980; 
Rodgers, 1980; Howell et al., 1980; Aydin and Page, 1984). Such systems can be 100-200 
km wide depending on the width of the zone of lithospheric weakness. Examples of such 
zones of weakness are 1) the strike slip fault zone in the California Coast region containing 
numerous small Quaternary and Late Mesozoic basins; and 2) the complex zone of Late 
Palaeozoic uplifts and basins developed along the Wichita Megashear (Budnik, 1986).
1.3 The general approach to assessing basin-forming mechanisms in central 
Australia.
In this thesis an attempt is made to document when coupling between basement uplift 
and basin subsidence occurs, as a means of distinguishing contractile and extensional models. 
The importance of in-plane compression or extension can be assessed by documenting the 
synchroneity and extent of both subsidence and uplift. Basin shape also reflects the basin­
forming mechanism. However, before giving the results of these analyses, it is necessary to 
established an accurate image of the present crustal structure in central Australia, as this 
provides the framework into which all the tectonic models must fit.
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CHAPTER 2
CRUSTAL STRUCTURE 
IN
CENTRAL AUSTRALLIA
2.1 Geophysical Expression and Tectonic Setting
As an example of the crustal structure in central Australia a section is examined where 
the gravity anomalies are most conspicuous, that is across the northern margin of the Amadeus 
Basin, the Arunta basement, and the Ngalia Basin ( Figs 2-01 and 2-02 ).
A 30-50 km wide thrust belt at the northern margin of the Amadeus Basin extends east- 
west for about 700 km ( Fig. 2-01). It is an unusual feature because, although it contains 
major thrusts and nappes typical of plate collision boundaries, it was almost certainly formed in 
an intracratonic setting. Activation of the thrust belt was preceded by widespread development 
of interconnected intracratonic basins over a 600 Ma period ( Shaw et al. in prep (a).). Unlike 
most orogenic belts synorogenic magmatism is negligible. During re-activation of the thrust 
belt in the Late Devonian to Carboniferous during the Alice Springs Orogeny, granulites were 
uplifted along a moderately north-dipping, crustal-scale shear zone, which was previously 
active in the mid-Proterozoic (Shaw et al. 1984). Large amplitude gravity and teleseismic 
residual anomalies indicate a lack of isostatic balance, yet the crustal structure produced 
substantially in the Late Devonian to Early Carboniferous has remained relatively stable. A lack 
of isostatic balance can be concluded from the large magnitude of the gravity anomalies (up to 
200 mgal peak to trough amplitude for Bouguer anomalies; over a region with moderate 
topography). The major gravity gradient and the rapid change in teleseismic arrival times are 
both centred on the main megashear in the thrust belt, referred to as the Redbank Deformed 
Zone ( RDZ) (Lambeck et al. 1988). A difference in P-wave travel time anomalies of up to 
nearly 1.5 s has been documented across the thrust belt with a minimum recorded in the basin 
and the maximum in the basement north of the granulites ( Lambeck et al. 1988).
The thrust belt is made up of several hinterland-dipping, south-verging thrust sheets 
(Shaw et al. 1971; Forman and Shaw, 1973; Maijoribanks, 1976 ). A detachment zone, 
localised in a salt horizon, formed during the Alice Spring Orogeny when the sedimentary
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cover slid away from the rising basement and formed para-allochthonous sheets. Box folds 
formed in the sequence above the main detachment zone. As basement uplift continued, 
basement thrusts folded earlier formed basement cored nappes and broke through the arching 
cover sequence.
The thrust belt is dominated by three major geological structures 
( Figs 2-03, 2-04, 2-05, 2-06 ):
(1) the Redbank Deformed Zone ( RDZ),
(2) the Amadeus Basin Homocline ( AH) and
(3) the Ormiston Nappe and thrust zone ( O N ).
The RDZ is about 7 to 10 km wide and is made up of narrow, anastomosing mylonite 
zones that dip northwards from 30° to 65°, with an average surface dip of 45°. It separates a 
southern terrane, composed mainly of granidc rocks metamorphosed to amphibolite facies, 
from a northern terrane dominated in outcrop by mafic and subordinate felsic rocks 
metamorphosed to granulite facies ( Fig. 2-07 ). The two terranes differ not only in gross 
composition and metamorphic grade, but also in structural history and regional stratigraphy 
(Maijoribanks, 1976; Shaw et al. 1984; Shaw and Black, in press ). The sense of shear across 
the zone is north over south ( Shaw et al. 1984; Shaw and Black, in press; Tessyier et al. in 
1988 ). A series of fault blocks across the southern terrane show evidence of increasing 
metamorphic grade northwards due to progressive uplift. Most of the change in grade, 
however, is concentrated at the northern margin of the RDZ. Maijoribanks (1976) suggested 
that the thrust at the base of the Razorback Nappe (RN in Fig. 3-1) originally rooted in the 
RDZ.
The AH is an abrupt upturn in strata at the northern margin of the Amadeus Basin ( Fig. 
2-06) which folds earlier formed thrusts and decollements and is locally expressed as a zone of
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reverse faults. It has a strike length in excess of 200 km. Immediately south of the homocline 
the basin reaches depths of more than 10 km. The homocline formed at the time of basement 
uplift in the Late Devonian to Early Carboniferous when thick molasse-like sandstones and 
conglomerates were deposited in front of the rising basement ( Jones, 1972 ). The homocline 
has rotated one nappe klippe into a sub-vertical position ( e.g. Razorback Nappe of 
Maijoribanks, 1976 ) so much of the uplift across the homocline post-dates thrusting. 
Upturning at the homocline edge has exposed multiple detachment zones at the base of the 
sedimentary sequence. The most prominent sub-vertical detachment zone has been traced ( as 
part of the present study) within the Bitter Springs Formation along the length of the 
homocline. The detachment zones probably formed as the basement rose and the basement 
cored nappes moved southwards, whereas the AH is a dominately younger structure which 
folds the detachment zones as well as the southernmost basement-cored nappes. The main 
fault controlling the development of the homocline is immediately south of the preserved basin 
margin. It separates upturned beds in the north from steep south-dipping beds to the south. 
The homocline is a complex, composite feature made up of both younger fault zones, which 
formed at the time of bending and originated in the basement, and older bedding-parallel 
detachment zones in the cover. The ages of these features probably overlap. Early erosion and 
uplift along the Amadeus Homocline is suggested by low temperatures, relative to stratigraphic 
level, inferred from low conodont CAI values (1-1.5 in the Horn Valley Siltstone ) which 
Gorter ( 1984 ) relates to thinning of the synorogenic sediments ( Pertnjara Group ).
The ON ( Figs. 2-04, 05, 3-16 and reverse fault north of Ormiston Gorge in 2-07 ) 
(Maijoribanks, 1976) lies between the RDZ and the AH in the east, but cuts up section to 
merge with the AH in the west. The fault dips at 50° for much of its length and separates a 
region of high-grade migmatitic rocks to the north from a lower grade sequence of granitic
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gneisses unconformably overlain by metasediments to the south. To the east the thrust zone 
merges with the Charles River Fault (Fig. 3-16). In its westwards strike continuation the 
thrust zone appears to overide the decollements in the lowest carbonate unit in the cover 
sequence ( Bitter Springs Formation ) and to place the basal sandstone unit ( Heavitree 
Quartzite ), with basement attached, in contact with units much higher up in the sequence ( e.g. 
Pertatakaka Formation ). It is the rise of the basement at the ON late in the thrusting sequence 
that has probably folded and overturned older klippen and partly contributed to the severe 
upturning of strata in the western section of the Amadeus Basin Homocline ( e.g. Mount 
Razorback area, Fig. 2-07 ; station 4 in Redbank line, Fig. 2-04). However, overturned beds 
related to faulting within the homocline also occur in the east (e.g. between Ellery Creek (Fig. 
2-5) and the Hugh River (Sections 4 & 5, Fig 2-1) (Figs 3-19 & 3-20) and Fig.2-05 ).
2.2 Correlation between Geology and Geophysics 
2.2.1 Introduction
Several gravity models have been proposed to explain the large magnitude gravity 
anomalies in the central Australian region. Anfiloff and Shaw ( 1973 ) explained these gravity 
features by compositional heterogenities in the upper crust alone. Mathur ( 1974, 1976 ) 
explained the gravity anomalies by perturbations in the mantle, but took no account of surface 
density variations. Wellman ( 1978 ) showed that the anomalies were consistent with major 
crustal blocks of contrasting density above an undulating Moho with density inversions at the 
base of the crust. Tessyier ( 1985 ) modelled the gravity anomalies across the northern margin 
of the Amadeus Basin in terms of a crustal structure produced by imbricate thrusts which 
branch off a sole thrust dipping at 15° north which penetrates the crust. His model accounts for 
only half the gravity anomaly and incorporates an unacceptably large density contrast (0.2
2 - 4
Mgm"3 ) at the basement/cover contact A major deficiency in all these models is an inability to 
constrain crustal densities. In the meantime, a study of teleseismic travel time residuals has 
been carried out across these structures ( Lambeck and Penny, 1984; Lambeck et al. in press ) 
so it is necessary to also constrain seismic velocities. Major geological boundaries in the re­
gions of poor outcrop can be delineated using aeromagnetic profiles, provided the magnetic 
properties of the rocks are known. Before more precise gravity modelling, which is also 
consistent with the teleseismic residual data, can be attempted it is necessary to constrain the 
physical properties of the rocks, principally their density, acoustic velocity and magnetic 
properties.
2.2.2 Outline of Correlation
In the following section the geology between the Amadeus and Ngalia Basins is 
outlined to emphasise the correlation between geology and regional geophysical data, 
specifically gravity ( BMR, 1961; BMR, 1976 ), magnetic ( BMR, 1969; BMR, in prep.), 
seismic ( Pancontinental Petroleum, pers comm, 1983 ) and teleseismic data ( Lambeck, 
Burgess and Shaw, 1988). The correlations are illustrated in three north-south cross-sections 
together with superimposed geophysical profiles ( Figs 2.04 and 2.05 ) and in a short seismic 
cross-section across the northern margin of the Amadeus Basin ( Fig. 2-06 ).
Across the section between the Amadeus and Ngalia basins, a series of fault blocks 
shows evidence of increasing metamorphic grade northwards due to progressive uplift; the 
greatest displacement being across the RDZ where the greatest jump in grade is concentrated.
In detail, the RDZ corresponds to the steepest part of the gravity gradient and approximates the 
inflexion point in the gravity profile. Maximum uplift, evidenced by maximum metamorphic 
grade, occurs 40 km south of the peak of both the gravity anomaly values and the teleseismic
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travel time residuals. Consequently, in modelling both gravity and teleseismic data, the fault 
zone is constrained to correspond at the surface to the RDZ.
The AH is not obvious in either the gravity or the teleseismic data. However, a 
significant crustal change is suggested by a jump in magnetic values at the preserved edge of 
the Amadeus Basin west of Longitude 132°45'. Here, the total magnetic intensity is greater 
over the sediments than over the basement to the north (BMR, 1969), even though the 
magnetic response is blanketed by the sedimentary cover. This relationship suggests a 
different type of basement under the Amadeus Basin to that exposed immediately in the north. 
The boundary of the more magnetic body terrane lies close to the base of the Ormiston Nappe 
on the Redbank profile and close to the homocline on the northern Arunta profile (Figs. 2.04 
and 2.06 ).
A compositional change at or near the AH in the west can also be inferred from the 
gravity data. Barlow ( 1979 ) has calculated the density contrast between the basement and the 
mean of sediment of varying thickness to be 0.2 Mgm"^, using the relationship between 
variation in Bouguer anomaly (AB) and basement depth change (AD):
AB=*27CGApAD
If the bulk density of the Amadeus Basin sediment is close to 2.64 Mgm"3 as estimated 
here, then the basement underneath the basin must have a density of approximately 2.84± 0.02 
Mgm‘3. To produce such a density in terms of rocks exposed in the basement to the north 
(Table 1-2) requires about 50 per cent of either mafic granulite or amphibolite (cf suites 5 and 
6) .
2-6
2.2.3 Rock units
The region is divisible into a small number of lithological units or suites, which are 
principally meta-igneous. Their metamorphic grade indicates that both upper and lower crustal 
rocks are represented. The lithological suites are made up of geologically and chemically 
related groups of rocks. Distinct stratigraphic formations are not represented except in the 
south ( Chewings Range sequence ). Much of the region consists of metagranite and there is 
one layered meta-anorthosite complex. Interlayered sequences of felsic and mafic granulite, 
include metasediments, suggesting this particular rock suite is a metamorphosed volcanic pile. 
Major fault blocks in the region tend to be dominated by one rock suite. More details on the 
lithological types are given in Stewart et al ( 1984 ) and Glikson ( 1984, 1986 ). Further 
details on the rock suites derived from the present study, including chemistry, will be 
published separately.
2.2.4 Variations in Magnetic Properties
Field and laboratory measurements of magnetic properties were also made on about 250 
samples. The empirical relationship between density and magnetic susceptibility established by 
Mutton and Shaw (1979) was confirmed. In general those rocks with a high density have the 
highest magnetic susceptibility. Magnetic susceptibility also increases with metamorphic 
grade. Magnetic interpretation of near surface structure is particularly useful in constructing 
interpretative cross-sections where surface exposure is limited, as is the case in the northern 
part of the sections ( Figs 2.04 and 2.05 ). Further information on the physical properties of 
basement rocks in the region, including their relationship to chemical composition, is given in 
Shaw et al. ( in prep.(b)).
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2.2.5 Density Variations
Surface rock densities for basement rock units have been determined from outcrop 
samples and these have been averaged as listed in Table 1-1. Densities and porosities have 
been measured and wet densities calculated for most rock types in the region. These have been
averaged for each major geological unit in proportion to their field occurrence. The grain 
density of basement rocks is directly related to their chemical composition ( wt % SiC>2 ), as
shown in Figure 2-08. Empirical relationships have been established between radiometric 
(scintillometer) count and both measured density and (2) total airborne radiometric count ( Figs 
2.09 and 2.10 ). Together, these relationships are used, independently, to roughly estimate the 
bulk densities of the geological units. While the airborne radiometric-density relationship 
depends on too many factors to allow accurate density estimates, the values determined by this 
method provide a check on the field-based averaging technique. The airborne radiometric 
response can be indicative of regional rock type and density variation provided that the 
potassium component is dominant over that of thorium and uranium, rock exposures are 
continuous, the topographic effect is subordinate, and the proportion of metasediment is small 
(Mutton & Shaw, 1979; Galbraith and Saunders, 1983).
Bulk densities for the sediments of the Amadeus and Ngalia basins ( rock suite 1) are 
derived from Froelich & Krieg (1969) and from Wells and Moss (1983) respectively. 
Thickness estimates in the Amadeus Basin are based on the synthesis of the basin by Schroder 
and Gorter (1984), modified in the region of Gosses Bluff using seismic data from Brown 
(1973). The cross-sections shown in Figures 2-04 and 2-05 for the Ngalia Basin are derived 
from detailed company drilling in the east of the basin as interpreted by A.E. Saucier (pers. 
comm., Agip Australia Pty Ltd, 1984 ). In this part of the basin sediment thicknesses are less 
than 800 m and make a negligible contribution to the regional Bouguer anomaly values.
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Rock suite 2 is made up mainly of granitic gneiss and quartzofeldspathic gneiss. 
Anatexis leading to the generation of migmatite was widespread, but only locally are these 
Ormiston granitoids exposed. Suite 2 rocks have significantly higher densities than either the 
Amadeus Basin sediments or the Ormiston granitoids ( suite 3, see Table 2-1 ). The airborne 
radiometric response suggests that the bulk density decreases northwards towards the RDZ 
where the gneisses show more signs of migmatisation and small granitoid bodies are exposed.
Suite 3, the Ormiston granitoids, has a mean density of 2.68 Mgm'3 and an average 
Si02 content of 70.15 wt. per cent (average of 5 analyses; Shaw et al. in prep.). The rocks
have only a slightly higher average densities than the Amadeus Basin sediments. This lack of 
density contrast is reflected in the lobe with low gravity values in and north of the Ormiston 
Nappe region (BMR, 1961; 1976).
The low Bouguer value in the region of the Ormiston granitoids is also enhanced by 
underthrusting of sediments beneath the Ormiston granitoids. Such an explanation is also 
favoured by Barlow (1979); otherwise, if there were no underthrust sediments he claims the 
Arunta rocks must have the same mean density, to within 0.02 Mgm'3, as the sediments in the 
Amadeus Basin. However, the component of underthrust sediment is considered to be 
proportionally much less than envisaged by Barlow (1979), based on the proportion of 
individual rock types in underthrust slabs along the basin margin.
Rock suites 4 to 8 are variants within the granulite terrane north of the RDZ. Rock suite 
4 differs from suite 2 in that it contains an additional portion of mafic granulite and has been 
metamorphosed to a higher grade. Suite 4 is gradational in density between suites 2 and 5. 
Rock suite 5 is used to distinguish a mixed group of rocks, which include a proportion of 
mafic granulite, from nearby units which are dominated by metamorphosed granitoid, such as 
suite 6. Rock suite 6 is dominated by augen gneiss and granitoid. The lower magnetic
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response of suite 6 is used to interpret its distribution under Cainozoic cover. These granitoids 
are granodioritic in composition and have a SiC^ content of 69.59 wt. percent (average of 10
analysed) and a mean density of 2.73 Mgm'3 ( Shaw et al. in prep ). Rock suite 7 is dominated 
by a variant of mafic granulite, which has a higher K20 content and lower SiÜ2 content of 
54.61 wt. percent (4 analyses) compared with other mafic granulites in the region (SiC>2 wt
percent of 49.99 for 13 analyses; Shaw et al. in prep.). The northern extent of suite 7, shown 
in Figure 2-16 is based on interpretation of the preliminary 1:250,000 TMI map of northern 
Hermannsburg (BMR, in prep). Rock suite 8 crops out east of the Redbank Profile ( Fig. 2-04 
), northeast of station 10. Rock proportions and densities listed in Table 2-1 are based on 
exposures in that area. The interpretation of suite 8 rocks along both the Arunta and Redbank 
profiles ( Fig. 2-04 ) is based on correlation with the magnetic response in the area of outcrop.
Rock suite 9 is mainly granitoid and is exposed extensively north of the Ngalia Basin.
It also forms scattered outcrops south of the basin. The smooth aeromagnetic response over 
exposed granitoids is used as a guide to granitoid distribution under cover south of the basin. 
Densities for the Napperby Gneiss, Ngalurbindi Orthogneiss and the Uldirra Porphyry are 
estimated from chemical analyses given in Stewart et al (1980).
2.2.6 Seismic Velocity
Preliminary laboratory measurements of acoustic velocities were carried out on selected 
cores from a representative range of rock types ( Fig. 2-11 and Table 2-2). These results are in 
reasonable agreement with estimates calculated from the empirical formulation of Christensen 
and Fountain (1975). Table 2-1 gives seismic compressional velocity estimates derived from 
their empirical formulae for similar meatmorphic rocks to those exposed in the Arunta complex. 
Their formulation yields velocities between 6.4 and 6.5 km s-1 for granitic rocks from the
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southern granitic terrain and velocities of about 7.0 s-1 for uplifted lower crustal segments 
represented by the mafic granulites. Slightly lower velocities of 5.1 to 6.0 km s-1 will apply to 
jointed and fractured surface rocks as has been observed from seismic experiments in the 
region (Wright et al. in press). Values of about 7.1 s-1 will apply to rocks at lower crustal 
depths where pore spaces will be closed.
2.2.7 Summary
The major shear zone, the RDZ, corresponds to the inflexion in the main gravity 
gradient between the gravity ridge and trough. The simplest crustal model is one where the 
RDZ forms a major crustal boundary. However, significant variation in density and 
compressional seismic velocity is demonstrated across a series of faults between the Amadeus 
and Ngalia basins and a more complex model is required. In particular, the relative contribution 
of shallow and deep level crustal structure needs to be resolved.
2.3 Geophysical Modelling
In this section models of the gravity response of the Amadeus-Ngalia basins sections 
are presented, and an outline given of the modelling of teleseismic residual data across the zone 
by Lambeck, Burgess and Shaw (in press). In both cases, the models utilise the petrophysical 
data presented in the preceding section. Preliminary interpretation of the regional magnetic data 
is also used to constrain the models. A lineament analysis of regional gravity and magnetic 
data was also carried out to establish the tectonic framework of the region. More detail on the 
structure of the northern margin of the Amadeus basin (AH) is derived from the geological 
interpretation of a key seismic section.
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2.3.1 Magnetic Intensity Variations
A total magnetic intensity map for most of the basement region (the northern part of the 
Hermannsburg 1: 250 000 sheet area ) is shown in Figure 2-12 and a magnetic profile and 
geological cross-section shown in Figure 2-5. A distinctive aeromagnetic signal for major 
strike-parallel, high angle faults has been established in the adjacent basement region to the 
west and is illustrated in Figure 2-13 ( Mutton and Shaw, 1979 ). This magnetic signature is 
used to map out inferred reverse faults in regions of poor exposure. The results are shown in 
Figure 2-12. The dip and depth extent of these faults is uncertain, but they appear to have a 
strike continuity of up to 70 km. Northerly to northwesterly trending faults, also illustrated in 
Figure 2-12, are interpreted from discordances in the magnetic trends.
2.3.2 Gravity Anomalies
The locations of section lines where gravity modelling was carried out are shown in 
Figure 2-01. The first gravity model presented treats a regional section where the model is 
unconstrained by surface density measurements. This model (Fig. 2-14) shows a gravity 
model along 133° longitude across the Arunta Block, the Amadeus Basin and the Musgrave 
Block, which approximates the profile modelled by previous authors (Fig. 2-01 e.g. Mathur, 
1976). In this regional model, unlike earlier models, continuity is maintained with fault- 
bounded, dense granulites exposed at the surface and their continuation at depth beyond any 
intermediate crustal discontinuity. The modelling shows that the gravity field in central 
Australia can be explained by a small number of faults that penetrate deep into the crust and 
may penetrate the mantle. The model assumes a mantle density of 3.30 Mgm‘3, a lower crustal 
density of 2.90 Mgm‘3, and a density for the sedimentary basins of 2.65 Mgm“3. Uplifted 
granulites in the Arunta and Musgrave Blocks were assigned densities of 2.95 and 2.75 Mgm* 
3 respectively. Taken at face value, the model suggests upward displacements of the mantle of
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the order 10 km and upward displacements of lower crustal material of about 15 km or more. 
Assignment of a higher density to the lower crust would be more consistent with measured 
densities in the uplifted granulite blocks änd would imply a smaller contribution from 
perturbations in the crust-mantle boundary. However, the smoothness of the gravity profile 
suggests that the dominant mass excess is deep, as abrupt near-surface density variations 
should result in abrupt changes in gravity values. New BMR data at 1 km spacing along a 
northerly traverse between the Amadeus and Ngalia basins confirms the smooth gravity profile 
( BMR, pers. comm., 1987 ). The new profile does not show any abrupt gravity offset 
where it crossed the RDZ north of Glen Helen ( Fig. 2-7 ).
Gravity modelling of an oblique profile across the RDZ is shown in Figure 2-15. The 
model is constrained by surface geology, about 250 density measurements, and the 
aeromagnetic interpretations shown in Figures 2-05 and 2-12. Where no direct measurement 
was made, density values assigned to individual fault blocks are consistent with the airborne 
radiometric response, which can be crudely correlated with bulk rock density, because both 
approximately correlate with the potassium content of the rocks. Fault blocks have been 
extrapolated to a depth of 10 km, which is of the same order as their exposed width at the 
surface. The dip of unexposed boundaries and faults is assumed to be the same as those 
measured in similar faults exposed to the south. The gravity profile was made oblique so that
(1) a negligible contribution from the Ngalia Basin is 
registered, and
(2) maximum control by surface density measurements was 
attained.
The first step in modelling of the oblique profile ( Fig. 2-15 (a)) shows that about one 
third of the magnitude of the gravity peak can be accounted for by near surface rocks down to a
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depth of 10 km, but that the shallow mass excess is asymmetrically displaced south of the 
gravity peak. The remanent mass excess indicates a major deeper contribution which is 
displaced to the north as would be expected if the modelled faults continue downwards with a 
similar dip to those measured at the surface. Continuation of the model to a depth of 20 km 
(Fig. 2-15 (b)) accounts for two-thirds of the mass excess. The remaining mass may be due 
to a deeper lower crustal contribution or perturbations in the crust-mantle boundary.
The gravity response is also modelled along the Arunta profile ( Fig. 2-16) where 
density values are reasonably constrained and teleseismic travel time residual data were also 
available. Here, a crustal structure made up of major fault blocks extending to mantle depths is 
demonstrated to be consistent with both the gravity data and teleseismic residual data, the 
modelling of which is outlined further below. For teleseismic model 1, the observed and 
calculated gravity have a root-mean square (rms) difference of 12 mgals and for model 3 the 
difference (rms) is about 9 mgals.
In summary, gravity modelling shows that near-surface dense rocks account for about 
one-third of the northward rise in gravity, but that the shallow mass excess is asymmetrically 
displaced southwards, showing that the remnant mass excess at depth is well to the north. 
Gravity modelling of the whole crust shows that continuity of the granulites with lower crustal 
material means that gravity anomalies can be explained by a small number of faults that 
penetrate deep into the crust and may penetrate the mantle. It can be seen from Figure 2-14 that 
the gravity field can be almost entirely modelled in terms of faulting without recourse to crustal 
flexure. It is therefore proposed that faulting and shearing dominate over flexure as the 
principal crustal deforming process. If such a proposal is valid it has major implications for the 
formation of the central Australia intracratonic basins ( Chapter 5 ).
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2.3.3 Teleseismic Residual Anomalies
Whereas it may be possible to explain the gravity anomalies by density variations in the 
crust without recourse to perturbations in the mantle, this is much less likely if the teleseismic 
residual data of Lambeck et al ( in press ) is taken into account
Teleseismic travel time residuals for east-northeasterly arrivals from Fiji-Tonga and 
northerly arrivals from Japan-Marianas are summarised in Figures 2-17 and 2-18 after 
Lambeck et al ( in press ) for the Arunta and Redbank lines in Figure 2-04. Less reliable data 
was also available from earthquake sources in the Maquarie Ridge and South Sandwich Island 
regions. Marked differences in travel time residuals, approaching 1.5 s, and with major 
azimuthal variation are recorded. A marked increase in travel times for the Japanese events was 
noted for those field stations either side of the RDZ. Early arrivals are recorded at more 
southerly stations for the Japanese events compared with the Fiji-Tonga events. Reasonable 
agreement between calculated and recorded travel time residuals can be obtained for simple 2D- 
models assuming 1) a northerly dipping high-velocity zone, the southern edge of which 
corresponds to the RDZ; 2) a steeply dipping down-thrust wedge of low-velocity material 
under the RDZ; and 3) a Moho that varies in depth with the principal displacement occuning 
across the RDZ ( Figs 2.17 and 2.18 ). The fact that the wavelength of the travel time 
variations is less than the width of outcropping high-velocity granulites and is displaced north 
of them suggests that the major contribution to these anomalies is not directly related to the 
near-surface granulites and comes from greater depth ( see Fig. 2-04 ). Several models were 
calculated by Lambeck et al ( in press), and four of these are presented here (Figs 2-17 and 2- 
18 ). The models show that the inversion of the travel time anomalies is insensitive to the 
depth extent of the low-velocity wedge. The inverted travel time variations are also insensitive 
to the absolute depth of the Moho within a +10 km range. A reduction in the velocity of the
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lower crust from 7.0 to 6.8 km/s' *, which is more in keeping with densities used in the gravity 
modelling, produces travel time anomalies that are within 0.05 s of those produced by the 
teleseismic models. The mantle contribution to the anomalies may be less, and still be 
consistent with the teleseismic and gravity observations, if 1) the depth of the Moho is 
increased by the order of 5-10 km and/or 2) the contribution of mafic granulite ( Vp = 7.0 
km/s"l, density = 3.0 Mgm‘3 ) increases at depth. However, it is difficult to account for the 
travel time residuals without some mantle contribution.
Crustal shortening of 40-60 km across the RDZ is estimated from the modelled 
displacement of the Moho across the RDZ, and by area-balancing of thickened crust, assuming 
that the RDZ dips at about 45°. For the same dip, the uplift across the RDZ is of a similar 
magnitude. If a greater proportion of the teleseismic anomalies are taken up by mafic granulite 
in the crust then the estimated crustal shortening, in terms of the models, is reduced. The 
lithosphere could not readily support a 40-60km uplift during one orogenic event, but, as will 
be demonstrated later ( Chapter 3 ), the RDZ has been reactivated on more than one occasion 
and rapid uplift rates are not indicated.
2.4 Lineament Analysis of Regional Gravity and Magnetic Data
A regional analysis of linear gravity and magnetic features was carried out to provide a 
regional geophysical framework. The results are shown for the central Australian region in 
Figure 2-19 using BMR data. Gravity data tends to monitor deeper crustal structures than the 
magnetic data. East-west potential field gradients dominate the structure in the central-western 
part of the region, but a more complex pattem is apparent in the far west and eastern part of the 
region. The lineament marking the distinct change in pattem in the west is referred to as the 
Angus Gravity Lineament and similar features in the east are referred to as the Ennugan and
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Woolanga Gravity Lineaments (see Figure 2-19. cf Fraser et al. 1977; Shaw et al. 1984). The 
region of strong east-west gradients corresponds to the region of major crustal shortening 
modelled above. Outside this region the effects of north-south shortening are much less 
apparent. As will be shown later in this thesis ( Chapter 4 ), these marginal regions also have 
different uplift and subsidence histories to the central region, and the uplift and subsidence 
there followed more northerly trends.
2.5 Seismic model of the Amadeus Homocline
An geological interpretation of a S-N seismic section across the northern margin of the 
Amadeus Basin (near Flugh River) is shown in Figure 2-06 ( along Long. 133° 27' ca .). The 
section illustrates that uplift across the AH occurred progressively since the start of the Alice 
Springs Orogeny ( seismic horizon 4). The progressive uplift of the margin illustrates that the 
principal movement was vertical and was not due to a doubling of the stratigraphic section 
below a decollement at the base of the sediment pile ( horizon 9).
2.6 Summary of Crustal Structure and its Implications for Tectonic Models
2.6.1 Introduction
The aim of this section is to examine various tectonic models for the region to determine 
which is most consistent with the available geological and geophysical data on a gross scale. 
The crustal section examined extends across the northern margin of the Amadeus Basin to the 
Ngalia Basin ( Fig. 2-20 ).
2.6.2 Tectonic Models
2.6.2.1 Model 1A - Laramide style, tilting of fault blocks
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In this tectonic model the continental lithosphere is envisaged to break up into a series 
of crustal blocks separated by steep faults. The tectonic style is typically developed in 
continental interiors and adjacent to forelands such as the Rocky Mountains in Wyoming and 
Colorado (Wise, 1963; Prucha et al. 1965; Lloyd, 1986). It is a thick-skinned tectonic process 
in that:
(1) the faults penetrate to at least lower crustal 
levels, and
(2) the faults tend to be steep, upthrust or piercement faults where 
horizontal displacement is subordinate to dominant, but not extreme.
Horizontal gliding is restricted, due to a lack of decollement horizons.
Most faults are of the high-angle, reverse category, but may involve 
significant oblique-slip movement. Typically, the faults shallow 
towards the surface due to reduced overburden and increased 
gravitational potential (cf. Ramberg, 1967; Paterson, 1978 ). Lloyd 
(1986) has shown that horizontal compression is the main driving 
mechanism for this tectonic style rather than vertical forces as 
postulated, for example, by Prucha et al (1965). In one variant of the 
tectonic style, faults fan into a number of faults towards the surface 
(e.g. Wise, 1963).
Milligan ( in Forman et al. 1967 ) first proposed this style of tectonics to explain 
structures at the northern margin of the Amadeus Basin. More recently, Schroder and Gorter 
(1984) and Lloyd ( 1986) have suggested that the Laramide style explains apparent basement 
involvement in the deformation of the Amadeus Basin and its hinterland. The style can explain
2 - 1 8
overturned strata such as has been documented in the case of the Golden Thrust in Wyoming 
and a fault system of this type is a potential explanation of the AH.
2.62.2 Model IB  -  Pyrenean Style of Thrusting across a Pre-existing Plate, or 
Subplate Boundary
In this model, a series of reverse faults and overthrusts are envisaged to have formed in 
response to a pervasive compression of the entire lithosphere. Failure is controlled by a pre­
existing fundamental fault which may be a boundary between plates or sub-plates. The tectonic 
style is similar to that favoured by Choukroune and Seguret (1973) and discussed by McCaig 
(1986) for the tectonic evolution of the Pyrenees. In this case, the downward-facing noses of 
nappe structures were formed as a consequence of progressive rotation on curved thrust faults. 
Continuity of structure between the inverted nappes and the main axial region of uplift is 
indicated by the progressive fanning of an axial plane cleavage. In the central Australian case, 
two relatively narrow fault zones dip at about 45° or more north (RDZ and ON) and these are 
located within 10 km of each other at depth.
It is proposed that ( Model 1A, Fig. 2-20 )
1) the RDZ is a reactivated, Proterozoic suture;
2) the crustal structure changes across the RDZ and the crust is thicker 
on the northern ( Ngalia Basin ) side ;
3) the underthrust crustal wedge was thickened against the RDZ by 
thrusting and inhomogeneous, bulk shortening.
Forman and Shaw (1973) implied that this combined zone, characterised by 
greenschist retrograde metamorphism, may be a reactivated older suture and resemble an 
embryonic subduction zone. Maijoribanks (1976) thought that the RDZ is a reactivated
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Precambrian thrust zone. Shaw et al (1984), while recognising the long-lived and fundamental 
nature of the RDZ, suggested that it may represent the reactivated southern margin of an 
ensialic rift or small ocean basin. The high-angle nature of such fundamental faults makes 
them geometrically similar to tilted faults in the Laramide style tilted fault-block model. For 
example, the vertical component of movement is of the same order of magnitude as the hori­
zontal component. In the central Australian case, because displacements are mainly confined to 
two, closely spaced, fundamental faults which dip at about 45°, the amount of crustal 
shortening deduced from the model is substantially less than that for a thin-skinned, imbricate 
thrust model. Uplift of the basement on these two fundamental faults was possibly sufficient 
to cause detachment and southward gliding of the cover sequence on a decollement within the 
Bitter Springs Formation. The amount of tectonic erosion that occurred would be limited by 
the southwards extent of the decollement at the base of sequence.
2.6.2.3 Model 2 - A Thin-Skinned, Imbricate Thrust System
Teyssier (1985) has proposed that the tectonics in the Amadeus Basin and its basement 
were controlled by a thrust system made up of a sole thrust dipping at 15° to the north and a 
series of steep, northerly dipping, imbricate thrusts which branch from it. The sole thrust 
shallows at depth to merge with the crust/mantle boundary. Movement along the steep thrusts 
or horses is progressively accommodated in the southernmost part of the sole-thrust. The 
model is, effectively, a thick-skinned version of a thin-skinned tectonic model. Downward­
facing klippen or noses of nappe stuctures (Tetes plongeantes), present along the northern 
margin of the Amadeus Basin, were formed due to bending of higher level imbricate thrust 
faults as a result of the upward movement of later moderately to steeply dipping (45°) thrusts 
like the Ormiston Nappe (ON). In the eastern part of the Amadeus Basin, thin-skinned cover
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nappes form large-scale duplex structures, which are separated by a decollement from the main 
basement-cored thrust system. Similar models have been proposed to account for structures 
within the hinterland of the Appalachian orogen (Hutchinson et al. 1985), the Rocky Moun­
tains of the Canadian Cordillera (Bally et al. 1966) and thrust systems in the basement of the 
Scottish Highlands (Soper and Barber, 1982; Butler and Coward, 1984). In near-surface 
structural detail Teyssier’s model differs only marginally from earlier models proposed for the 
central Australian region by Forman et al (1967), Shaw et al (1971), and Maijoribanks (1976). 
The essential differences of Teyssier’s model from earlier models are:
(1) a postulated shallow, north-dipping, master sole
thrust which merges at depth with the crust/mantle boundary; and
(2) the presence of a relatively evenly spaced, high-angle
(35-55°) set of imbricate thrust faults, which branch off the sole thrust
2 6.^ Applicability of the Models
2.6.3.1 A Laramide-style tectonic model ( Model 1A ).
A piercement fault of the Laramide type developed at the northern margin of the 
Amadeus Basin would explain:
(i) The abrupt change in the aeromagnetic response at the AH or just 
north of the AH;
(ii) The consistency of strike of the AH and its apparent independence 
from other thrust faults;
(iii) The abrupt change in dip at the AH;
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(iv) The flattening upwards of the ON and, further to the west, of the
Mount Sonder Thrust Nappe and Razorback Nappes, as is typical of 
faults in the Laramide tectonic style.
While the Laramide model ( Model 1A ) can explain the overturned beds of the 
homocline, it cannot explain the inverted nose of the Razorback Nappe without invoking an ad- 
hoc shear couple between parallel faults that rotated the intervening material through 180°; a 
most unlikely configuration. In addition, bedding-parallel thrusting (decollement) in the Bitter 
Springs Formation is more consistent with glide tectonics, which is not recognised as a 
widespread feature of the Laramide tectonic style, though such features occur (Foose, 1973).
2.63.2 The problem of the Razorback Nappe
The Razorback Nappe may be:
(1) linked to the Mount Sonder Thrust;
(2) a klippe at the front of a major nappe rooted in the RDZ
(3) a nappe formed by gravity sliding at the base of a cover nappe
Linking the Razorback Nappe to the Mount Sonder Thrust would be in keeping with the 
curved thrust geometry evident in similar structures in the Pyrenees. Maijoribanks (1976) 
rejected this possibility on the grounds that the Mount Sonder Thrust appears to die out along 
strike about 6 km east of Mount Sonder and was, therefore, an unlikely candidate for a fault 
having a displacement of at least 9 km implied by linking the two faults. Linking the 
Razorback Nappe with the RDZ implies a 20 km displacement on the RDZ and would mean the 
Moho was uplifted by 20 km assuming a fault dip of 45°. As examined further in Chapter 3, 
this would mean mylonites now exposed in the RDZ at the surface were formed at depth at 
temperatures of about 500°C assuming a geothermal gradient of 25°C/km.
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If the Razorback Nappe and the RDZ were linked then the arching of the combined 
high-level extended nappe structure may be explained by the upthrusdng on the ON at a later 
date. The juxtaposition of basement against Pioneer Sandstone near Stokes Well suggests that 
upthrusting from a lower level was sufficient in the western part of the structure to pierce the 
entire overlying thrust complex. The overturning of the Razorback Nappe can, thus, be more 
adequately explained by a thin-skinned model or by a Pyrenean style of thrusting ( Models 2 
and IB), than the more simple Laramide model ( Model 1A ).
2.6.33 Thin-Skinned Imbricate Thrust Model ( Model 2 )
There are a number of problems with this model.
(1) The 15° dip of the sole thrust and the 45° or greater dips on the 
imbricate faults, postulated'in the model, are high compared with crustal-scale
thrust complexes documented by seismic reflection profiling in the Rocky Mountains (Brewer 
et al. 1981) and elsewhere (Davis et al. 1983).
(2) Thrust displacement is not spread out evenly between a series of imbricate 
faults, but is concentrated on specific shear zones. Major thrusting, evidenced by (1) the 
juxtaposition of rocks of different metamorphic grade and (2) the intensity and width of the 
mylonite zones, is confined to the RDZ and the ON.
(3) Gravity modelling presented by Teyssier ( 1985, Fig. 8a), as a test of the thin- 
skinned tectonic model, explains only half the gravity profile ( from the trough to the peak) 
and incorporates an unacceptably large density contrast (0.2 Mgm~3 ) at the basement/cover 
contact.
(4) Geological interpretation of the seismic section across the AH at about 133°27’ ( 
Fig. 2-6, near Hugh River) suggests that progressive uplift started there from the start of the 
Alice Springs Orogeny. In Teyssier's model in excess of 50-100 km of shortening is taken up
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at the base of the cover sequence without any evidence of erosion at any nappe toe or of any 
uplift due to doubling of the main Amadeus sedimentary pile.
(5) The gross crustal cross-section is not balanced on the scale of the crust The sole 
thrust merges with the crust/mantle at depth so that the 100 km displacement at the crust/mantle 
interface ( equal to the sum of the movements on the imbricate thrusts) implies doubling of the 
sub-crustal lithosphere: a consequence left unexplained.
2.6.3.4 Thick-skinned faulting localised on a pre-existing sub-plate boundary
Model IB)
Teleseismic residual anomalies and gravity data can be explained more successfully by a 
single, crustal-scale shear zone, dipping at about 45° which displaces the lower crust and 
possibly the mantle. The RDZ is a thick-skinned feature like the Wind River Fault in the 
Laramide region of the U.S.A. The reason why the major faults in the thrust belt are restricted 
in number is that they represent reactivation of an older fundamental shear-zone separating sub­
plates established in the mid-Proterozoic, as will be demonstrated below ( Chapter 3 ). The 
interpretation of the RDZ as a sub-plate boundary is consistent with the different lithological, 
metamorphic, and structural history of the southern and central provinces ( Shaw et al. 1984). 
The provinces may also differ in crustal formation age, although such a difference has yet to be 
established. The amount of shortening across the zone is considerably reduced if the 
Razorback Nappe was never linked to the RDZ, but formed as a piece of basement attached to 
the cover-sequence as it slid away from a basement upthrust along the RDZ and ON thrusts.
As shown by teleseismic and gravity studies, the master fault (RDZ) appears to 
penetrates the entire crust and not to flatten out in a decollement or ramp structure. Lambeck et 
al (1987) model a low velocity wedge extending into the mantle for 30-60 km beyond its
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unperturbed depth to explain the marked asymmetry in the teleseismic residual data ( Figs 2-17 
and 2-18 ). In this respect it is comparable to the Flannan Fault detected in deep seismic 
reflection profiling off the Scottish Caledonides (Brewer et al. 1983; Brewer and Smythe, 
1984). The Block Island Fault, recently delineated in the eastern hinterland of the Appalachian 
orogenic belt, is another such structure (Hutchinson et al. 1985). These structures represent a 
very different tectonic setting to that of thin skinned or ramp faulting documented within the 
Appalachian foreland ( e.g. Harris et al. 1981; Brown et al. 1983 ). Our modelling of 
geophysical data casts extreme doubt on a thin-skinned, imbricate model ( Model 2). On 
present evidence, a Pyrenean-styled, thick-skinned tectonic model appears to provide a more 
appropriate explanation of the crustal structure ( i.e, Model IB ).
2.6.4 Summary of Crustal Structure and its Tectonic Significance
The teleseismic and gravity data are successfully explained by a megashear, the 
Redbank Deformed Zone, that penetrates to mantle depths at an angle of about 45°. A Moho 
topography of up to 20 km over distances of less than 50 km is possible. Thus, available 
evidence suggests that it is a thick-skinned feature (cf. Pyrenees, McCaig, 1986) and not a 
thin-skinned, imbricate structure (Teyssier, 1985). Most of the crustal shortening in this 
region can be accounted for by displacement across this megashear and lesser displacement on 
nearby parallel structures. Crustal shortening may be of the order of 40-60 km and not a 
minimum shortening of 50-100 km as suggested by Teyssier (1985). A thick-skinned tectonic 
model implies high stresses in the crust and is consistent with the lack of regional isostatic 
equilibrium evident from large gravity anomalies, but no concomitant topography.
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CHAPTER 3
STRUCTURE AND UPLIFT 
HISTORY OF
THE BASEMENT
3.0 STRUCTURE AND UPLIFT HISTORY OF THE BASEMENT
3.1 Introduction
In this chapter the uplift history of the basement north of the Amadeus Basin is 
documented and the history of movement in the Redbank Deformed Zone (RDZ) is described 
using structural analysis and metamorphic studies, combined with Rb-Sr, 40Ar/39Ar and K-Ar 
geochronology. The implications of these findings for basin formation in the Late Proterozoic 
and the Palaeozoic are then discussed.
3.1.1 General Structural Outline
In this section the main periods of deformation in and north of the RDZ are identified 
and differentiated using structural analysis. The relationship between distinctive mylonite zones 
and phases of folding and to magmatic events allows field constraints to be placed on the 
number and nature of mylonite events. Work on the earlier pre-mylonite folding, outlined 
briefly below, was undertaken as a background to enable understanding of the younger 
mylonite events and will be presented in more detail elsewhere.
The RDZ marks the thrust-boundary between a northern granulite facies terrane (the 
central Arunta province) and a southern amphibolite facies terrane (southern Arunta province) 
(Fig. 3-1). Although some fault blocks contain rocks with metamorphism gradational between 
granulite and amphibolite facies, these blocks occur between major anastomosing mylonite 
zones of the main RDZ thrust. Individual blocks are less than 4 km wide. The RDZ is also a 
major geological boundary separating lithologically distinct regions (Fig. 3-2). Large bodies of 
mafic granulite and minor pyroxene-bearing granitoid, mixed felsic and mafic granulite, and 
intermediate granulite (with about 57.5 wt. % SiC>2) occur only to the north of the RDZ, 
whereas quartzofeldspathic and migmatitic gneiss, and potassic anatectic granitoid crop out 
south of the RDZ. Narrow blocks containing pods of mafic granulite (metagabbro) and 
quartzofeldspathic gneiss, resembling that in the southern amphibolite facies terrane, are 
sandwiched between anastomosing mylonite zones of the main RDZ. The distribution of 
mylonites is shown in Figure 3-3 and the variation in dip of these mylonites is shown in Figure
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3-2. A complex zone of north-dipping reverse faults is recognised. The dips range from 30° 
and 60°, and average about 45°.
3.1.2 Previous Investigations of Mvlonites
Maijoribanks (1975, 1976) was the first to suggest that the RDZ was a Proterozoic 
mylonite zone which was reactivated during low grade metamorphism in the mid-Palaeozoic. 
Offe and Shaw (1983) traced older gneissic mylonite and younger phyllonitic mylonite 
eastward toward the Arltunga Nappe Complex. Glikson (1984, 1987), during a reconnaissance 
petrological, geochemical and mapping study, accurately delineated the boundary between the 
northern granulite and southern amphibolite facies terranes, but did not recognise these two 
mylonitic events. Obee and White (1985) confirmed the existence of early schistose and 
gneissic mylonites and late plate mylonites and ultramylonites in the RDZ north of Alice 
Springs.
The distribution of the older and younger mylonites has been mapped in the northern 
terrane north of the RDZ (Fig. 3-3) and their presence reaffirmed in the main RDZ at the 
boundary between the northern granulite and southern amphibolite facies terranes. It is the 
documentation and dating of these older and younger mylonites by Rb-Sr isotopic methods that 
is the subject of the first part of this chapter.
3.2 Deformation sequences north and south of the RDZ
Different deformation sequences are recognised north, and south of the RDZ (Table 3-1). 
This difference implies that the the RDZ represents a fundamental crustal boundary separating 
two separate terranes.
3.2.1 Deformation Sequences in the Northern Terrane
Fi and F2 folds are reclined, isoclinal (Figs 3-4 and 3-5) and appear to be part of a 
progressive deformation, which took place under granulite facies conditions (Table 3-2). 
Unless overprinting criteria are present Fi and F2 are not readily distinguished. Where they
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can be separated, F2 forms large macroscopic (map-scale) folds (Fig. 3-6). D2 structures are 
cut by mafic dykes metamorphosed under granulite facies conditions (Fig. 3-6).
D3 deformed zones, up to 500 m wide, are distinguished by retrograde metamorphism 
under amphibolite facies conditions and by a strong red-brown biotite foliation. These 
deformed zones are commonly mylonite zones in the sense of Bell and Etheridge (1973). F3 
folds tend to be mesoscopic and sheath-like (Fig. 3-7).
D4 deformation affects only the southern part of the northern terrane where it is 
expressed as open, upright folds (Fig. 3-8).
D5 deformation is concentrated in narrow, greenschist facies phyllonitic mylonite zones 
alongside reverse faults. These zones reach their maximum development in the master fault of 
the RDZ at the boundary between the northern and southern terranes. Overprinting of D3 , D4 
and early D5 structures by D5 structures is illustrated in Figure 3-8.
3.2.2 Deformational Sequences in the Southern Terrane
The deformational sequence in the southern terrane is summarised in Table 3-3 and in 
Figure 3-9. D i and D2 are considered part of a non-coaxial, shearing event that produced 
minor refolding of earlier structures. D3 structural elements indicate relatively weak strains 
and are preceded and post-dated by migmatisation and pegmatite injection. D4 deformation is 
concentrated in narrow shear zones formed under greenschist facies conditions, near the master 
fault of the RDZ.
Where there is a possibility of contfusion between the deformational sequences in the 
two terranes they are distinguished by the use of superscripts (e.g. DNi and Ds i refer to 
deformations in the northern and southern terranes respectively).
3.2.3 Correlation of the Deformational Sequences across the RDZ
(Table 3-1)
The boundary between the northern and southern terranes is marked by a major low- 
grade, phyllonitic mylonite zone. These mylonites are the last events to affect both terranes and 
are designated D5 in the north and D4 in the south.
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The Ormiston tectonothermal (or migmatite) event of Maijoribanks and Black (1974) is 
considered to have affected both terranes because both D4 in the north and D3 in the south are 
characterised by open, upright folds of similar style formed under similar conditions. In the 
northern terrane extensive syn-D4 recrystallisation and local migmatisation occurred under 
amphibolite facies conditions at the same time as extensive syn- D3 migmatisation and anatectic 
granite formation took place in the southern terrane also under amphibolite facies conditions. 
Pegmatite dykes that cross-cut F3 folds in the northern terrane are correlated with the formation 
of anatectic granite in the southern terrane. Principal features common to both D4 in the north 
and D3 in the south are the mild amount of shortening strain and the essential thermal nature of 
each episode.
The granulite deformational events Di and D2 in the northern terrane are not recognised 
in the southern terrane. There are significant differences between the early deformation in both 
terranes. For example, the S2 foliation in the north is weak, being outlined by lenticular 
aggregates of granuloblastic pyroxene grains and poorly aligned biotite, whereas S2 in the 
south is outlined by the strong preferred orientation of muscovite and biotite as well as 
granoblastic quartz grain-shape. Migmatisation accompanied D2 in the northern terrane 
whereas no migmatisation accompanied D2 in the south. Mafic dykes metamorphosed at 
granulite facies cut D2 structures in the northern terrane whereas similar metamorphosed, cross­
cutting dykes are unknown in the southern terrane.
The D3 deformed zones recognised in the northern terrane are, to date, only 
recognised in the southern terrane at the terrane boundary.
3.2.4 Locking together of the Northern and Southern Terranes
The two terranes were pinned during two events 1) the final overthrusting event which 
produced the phyllonitic mylonites (D5 and D4) and 2) the widespread tectonothermal event 
which produced mild folding, migmatisation and the emplacement of anatectic granites in the 
southern terrane.
3.2.5 Movements on the RDZ
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Two periods of movement are, thus, recognised on the RDZ: one which pinned the two 
terranes in their present position and an earlier period which brought the two terranes together 
before they were both overprinted by the Ormiston tectonothermal event. The event recording 
the merging of the terranes is considered to be the D3 shearing event in the northern terrane.
3.2.6 Distinguishing between the Older and Younger Mvlonites
The RDZ is defined by two types of my Ionite (Type 1 and Type 2), which can be 
readily distinguished in the field (Table 3-4 and Fig. 3-3). The Type 1 mylonitic foliation is 
gneissic and was formed under upper amphibolite facies conditions during D3 (north and at 
boundary). The Type 2 mylonite is very fine grained, phyllonitic and was formed under 
greenschist facies conditions during D5 (north) and D4 (south). In much of the northern 
terrane, the Type 1 mylonite trends east-northeast, whereas the Type 2 mylonite in the northern 
terrane trends east-southeast. In the northern terrane Type 1 mylonite'is cut by pegmatite 
dykes, whereas Type 2 mylonite deforms these dykes. In the southern terrane Type 2 mylonite 
also deform east-trending dolerite dykes, dated by the Rb-Sr method at 897±9 Ma (Black et al, 
1980). Pseudotachylite formed in the last stages of development of Type 2 mylonites, but was 
not produced during the formation of Type 1 mylonites.
3.2.7 Type 1 Mvlonites
Type 1 mylonites are subdivided on the degree of retrograde metamorphism and 
recrystallisation (Table 3-5) because these effects are likely to be important in the resetting of 
the Rb-Sr isotopic system. Type 1 mylonites are morphologically distinctive and their 
progressive deformation is portrayed in Figure 3-10.
3.2.8 Type 2 Mvlonites
A progressive sequence of deformation is recognised for the Type 2 mylonites, ranging 
from slightly mylonitised gneiss, through protomylonite and mylonite to ultramyIonite (Table 3- 
6, Fig. 3-11). In general, more deformed mylonitic rocks overlie less deformed varieties in a 
composite protomylonite-mylonite-ultramylonite zone at the boundary between the retrograde
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northern granulite facies terrane and the southern amphibolite facies terrane (Table 3-6, Fig. 3-
12) .
3.2.9 Distribution of Type 1 and Type 2 Mvlonites
In summary, the RDZ is defined by the two types of mylonite. The older Type 1 
mylonites are confined to the northern terrane and to the boundary zone between the tenranes. 
Only those well documented segments of Type 1 mylonite in this boundary zone are shown in 
Figure 3-3. The Type 2 are mylonites distributed throughout both terranes and are strongly 
concentrated along the main master fault zone separating the northern and southern terranes.
3.2.10 Mvlonites in the Master Fault Zone of the RDZ
(i.e. at the boundary between the northern and southern terrane boundary)
Older (Type 1) and younger (Type 2) mylonites are preserved along the boundary 
between the northern and southern terranes. The younger mylonitic foliation is Sm4 in the
N S
southern terrane and Sm5 of the northern terrane. Sm4 is planar, with a consistent orientation at 
the outcrop scale and is easily distinguished from an older, slightly warped gneissic mylonitic
N
foliation. Sm5 mylonite zones of the southern terrane, however, anastomose on the
s
macroscopic scale. Also these Sm4 mylonites are finely micaceous whereas older mylonites are 
coarser grained.
One locality where the two mylonitic foliations are easily distinguished is 4 km north of 
locality E ( Fig. 2-7 i.e. at the beginning of the Ellery Creek track) two mylonites differ in strike 
by 30°. The older mylonitic foliation, which is accentuated by leucosome layers, is cut by 
patches of undeformed mobilisate, and varies in orientation. In contrast, Ssm4 has a consistent 
orientation which is defined by very fine biotite (0.01-0.001mm).
Exposures in a creek section 8 km west of sample site 7 (Fig. 2-7, near a small pod of 
mafic granulite) also show Ssm4 cutting an earlier high strain foliation in the RDZ. Here, tight 
Fs2 folds in an orthogneiss have an intense axial plane foliation outlined by mafic and felsic 
xenoliths rotated into parallelism with Ssm2- Mobilisate occupies a set of widely spaced 
extensional veins which appear to parallel the axial plane to asymmetrical Fs3 folds, and which
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deform the Ssm2- Sheath-like Fs2 folds have Ssm2 as an axial plane structure. The axial trace 
ofF*3 folds is to the southeast, whereas narrow retrograde Ds4 shear zones strike easterly.
Where the two mylonitic foliations are sub-parallel, such as south of Redbank Hill and 
southwest of Mount Zeil, they can be difficult to tell apart (Fig. 2-7)
The older Type 1 mylonitic foliation (lateT>2) along the northern margin of the southern 
terrane is identical in style, orientation and grade to D3N, Sm3 in the northern terrane, and also 
shows a consistent north over south sense of shear. Metamorphic grade at the northern margin 
of the southern amphibolite facies terrane is gradational to granulite (Fig. 2-7), so the zone may 
be more appropriately placed in the northern terrane. The Sm3 of the northern terrane may be 
equivalent to late?D2 in the southern terrane as proposed by Maijoribanks (1975, 1976).
3.2.11 Sense of Shear
The sense of shear has been determined to be north over south based on megacryst 
shape and S-C plane criteria (Berthe et al, 1979; Simpson and Schmid, 1983; Lister & .Snoke, 
1984) in most of both the Type 1 and Type 2 mylonites. The elongation lineation 
accompanying Type 1 mylonites is more variable in orientation than is the case with Type 2 
mylonites
3.3 Metamorphic History
3.3.1 Metamorphic Constraints on Uplift History
In this section PT conditions north and south of the RDZ are estimated and constraints 
placed on the amount of vertical displacement between metamorphic events. A different 
metamorphic history north and south of the RDZ is recognised. This finding supports the 
proposal that the RDZ is a reactivated fundamental crustal boundary.
In the northern granulite terrane P is estimated at 8+1 kb and T at 700-800°C from 
results summarised in Table 3-8. The more common assemblages in the granulite terrane are 
listed in Table 3-7. A minimum T of 650°C is indicated by the widespread pelitic assemblage 
sm-gnt-bio-ksp-plg-qtz together with rare ilm-ru-gar-sm-plg-ksp-qtz and the absence of mu-qtz
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(Kerrick, 1972). The absence of kyanite means that for T of 650-850°C, P is expected to be 
less than 9 kb (Holdaway, 1971). For mafic to intermediate rocks, the geobarometer on cpx- 
plg-qtz (Ellis, 1980; in which the Ca-Tschermak composition in cpx is calculated using the 
structural formulae of Cawthom and Collerson, 1974; cf Rybum et al., 1975) gives slightly 
higher values than those based on gnt-opx-plg-qtz by the methods of Bohlen et al (1983a) and 
Perkins and Newton (1981); the latter yielding the lowest values (Table 3-8). The cpx-plg-qtz 
geobarometer is considered to yield pressures that are 1-2 kb too high (Raith et al, 1983), 
though Warren (1982) found overlap at high T within the uncertainty limits. The pelitic 
assemblage ilm-ru-qtz-sm-plg-ksp-bio yields a P above 8 kb for temperatures above 725°C by 
the method of Bohlen et al (1983b). Mafic granulites lacking a well defined foliation, and 
regarded as D i, yield T values of 720-790°C, principally using the geothermometer of Wood 
and Banno (1973) and adopting the solvus of Davis and Boyd (1986), empirically reduced by 
60°C as suggested by Raith et al (1983). The T estimates in the more foliated rocks assigned to 
D2 average about 750°C by a variety of geothermometers (e.g. gnt-cpx Ellis and Green, 1979; 
gnt-bio Ferry and Spear, 1978; gnt-opx Harley and Green, 1982; gnt-opx Harley, 1981; opx- 
cpx Wood and Banno, 1973 and Raith et al, 1983). T determined by the method of Wood and 
Banno (1973) has higher values than those based on gnt-bearing assemblages, except for the 
method of Ellis and Green (1979) which gives somewhat scattered results. The geobarometer 
of Wood and Banno (1973) is unreliable because of the shape of the solvus at temperatures less 
than 950°C (Bohlen and Essene, 1979). The method of Ferry and Spear (1978) yields the 
lowest T, but the paragenesis of biotite is not always certain, biotite being a common retrograde 
phase during D3 . Garnet appears to be slightly retrograde with respect to the syn-D2 fabric. 
The estimated PT conditions suggest formation at a depth of about 30 km under a geothermal 
gradient of about 27°C/km.
Mafic dykes cutting D3 structures contain the assemblage opx-cpx-plg so granulite 
metamorphism continued after D2. The Strangways Event culminated in the nearby 
Strangways Range region under near hydrostatic conditions after mafic dyke emplacement 
when migmatisation was widespread (Shaw and Langworthy, 1984; Shaw et al, 1984).
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Metamorphism during Dj and D2 in the region of study is considered to be an early stage of the 
Strangway Event, previously dated at 1800-1750 Ma (Black et al, 1983).
The development of a D3 foliation in the granulite terrane was accompanied by 
retrograde metamorphism outlined by biotite formed at the expense of orthopyroxene-orthoclase 
(Fig. 3-9(2)); a reaction which involves the introduction of water and results in enhanced 
ductility because the resulting qtz-bio aggregates deform more easily. Temperatures in these 
D3 deformed zone range from 650 to 550°C using the method of Ferry and Spear (1978). 
Both the modal fraction of Ti and Mg/(Mg+Fe) in biotite fall in these zones from a Ti ratio 0.5 
and a Mg/(Mg+Fe) value of 0.45-6.5 to a Ti ratio of less than 0.5 and a Mg/(Mg+Fe) value of 
less than 0.45. These shear zones are very similar to other widespread shear zones of 
amphibolite grade developed in the Amnta Block. Elsewhere these zones were initiated in the 
stability field of kyanite, gedrite and stauroiite, for which Warren (1982) estimated PT 
conditions of 7+1 kb and 600°C. For depths of about 26 km, such conditions suggest a 
geothermal gradient of about 23°C/km.
D4 in the granulite terrane occurred during a tectonothermal event (Ormiston event of 
Maijoribanks and Black, 1974) centred south of the RDZ. PT conditions were above those for 
granite melting under water saturated conditions; that is about 650°C for a P of 5-6 kb (Wyllie 
and Tuttle, 1961; Luth et al, 1964; Kerrick, 1972).
D5 retrograde zones north of the RDZ are characterised by the assemblage ms-bio-cz- 
ksp-qtz-opz+plg (An27). This assemblage suggests uppermost greenschist facies conditions 
above the biotite isograd approaching the boundary with the amphibolite facies and implies a T 
of 350-500°C, or more, for P above 2 kb (Turner, 1968). For a geothermal gradient of 
25°C/km (see later in Chapter 3), a depth of 14-20km is implied for this D5 retrograde zone. 
Within the master fault of the RDZ in the west of the region, the assemblage chl-ms-bio-qtz-plg 
(An < 20) indicates even lower PT conditions.
Prograde metamorphic conditions south of the RDZ and north of the Ormiston thrust 
zone (ON) are best estimated south of Mount Hay, as elsewhere the quartzofeldspathic gneisses 
have unsuitable compositions. Typical assemblages in this region are sm-gnt-bio-qtz+plg+ksp, 
gnt-cd-bio-qtz, and hb-cpx plg-qtz; opx-gnt-qtz-bio is a rare additional assemblage. The
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stability of opx-plg and the absence of kyanite or staurolite suggest a P above 5 kb and 
temperatures in excess of 625°C, as the rocks are above the sm-ksp isograd (Kerrick, 1972; 
Day, 1973). Widespread partial melting indicates T conditions above those for eutectic melting. 
Based on semi-quantitative mineral stability relationships in the KFMASH system (H2O 
saturated part) deduced by Harte and Hudson (1979: see also Hess, 1969; in Miyashiro, 1973, 
p.81) these assemblages imply PT conditions of about 650°C and 5-6 kb. Such PT values are 
in agreement with the widespread melting (Wyllie and Tuttle, 1961; Kerrick, 1972). These PT 
conditions were produced during the thermal Ormiston event, designated D3 in the southern 
terrane, and dated by Maijoribanks and Black (1974) at 1050 Ma. For depths of about 22 km a 
geothermal gradient of about 30-32°C/km is implied for this event
In the transitional amphibolite-granulite block south of Mount Heughlin (Fig. 2-7), 
garnet coronas on piagioclase in sm-gnt-ksp-qtz-bio rocks suggest a fall in temperature from 
near granulite conditions to P = 3.7+ kb for a T of about 590°C.
South of the ON, D2 structures are more dominant. Lower T conditions relative to P are 
indicated there by the assemblages qtz-ms-ky-tourm-opq, gnt-st-bio-ms-chl, bio-qtz-ksp, hdb- 
bio-qtz-fsp+plg, ms-bio-qtz-ksp-plg (Offe, 1983) and further east (near Alice Springs) act-cz- 
ms-trem and cpx-ep-gnt (Offe and Shaw, 1983). Muscovite (ms) is widespread indicating 
conditions below the sm-ksp isograd. Taken together with the stability of staurolite (st) 
(Hoscher, 1969; Richardson, 1968) and the apparent lack of migmatisation, these assemblages 
suggest a P of 7.5-5.5 kb and T of less than 650°C(cf Harte and Hudson, 1979). In particular, 
the assemblage gnt-st-bio-chl-qtz suggests the breakdown of biotite and staurolite to chlorite 
and garnet implying a T of 570-600°C.
Assemblages south of the ON assigned to D3 , such as cd-gnt-st-bio-ms-qtz and sm- 
qtz-bio-ms-tourm-opq, overprint the D2 assemblages locally. These assemblages imply that 
temperatures during D3 were only locally higher than those of D2 in this zone.
Metamorphic conditions during D4 in the southern terrane are correlated with and are 
very similar in PT to those of D5 north of the RDZ. Chlorite, however, is more widespread as 
an additional phase, although uncommon.
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3.3.2 Consequences of the Metamorphic Study
The metamorphic data show that the mylonites formed in shear zones during two 
separate retrograde events with distinct temperature conditions. The previous work of Glikson 
(1984, 1987) failed to recognise either amphibolite facies retrograde metamorphism or two 
types of mylonite in the northern granulite terrane. Because the compositions of the rocks types 
in the mylonite zones proved unsuitable for P determinations, effort was directed away from 
metamorphic studies and a program of Rb-Sr and 40Ar/^Ar dating was initiated to track the 
uplift history of the basement in the low temperature range.
The metamorphic data reinforce the conclusions of the structural study which showed 
differing geological histories north and south of the RDZ up to D4/ D3 , implying that the RDZ 
may be a reactivated fundamental crustal boundary. If the RDZ is a reactivated shear zone with 
a complex thrust history, then the difference in PI" across it cannot give a straightforward 
estimate of the vertical displacement across the fault In this case, vertical displacement must be 
estimated some other way, and more than one event needs to be considered.
The PT path for the northern and southern terranes is illustrated schematically in Figure 
3-13. The two PT paths appear to merge after the Ormiston tectonothermal event
3.4 Rb-Sr determination of the ages of mylonitisation
3.4.1 Theory and Assumptions
The dating of mylonites is fraught with difficulty and requires considerable care. 
However, it is possible to deduce the age of deformation in some mylonite zones using the Rb- 
Sr whole rock method because the mineralogical and geochemical changes and recrystallisation 
enhance the prospects for isotopic re-equilibration. Thus, Rb-Sr total rock and mineral ages can 
be reset in mylonite zones whilst the undeformed country rock retains its older age (Hickman 
and Glassley, 1984; Cliff, 1985; Cliff et al, 1985). Within narrow shear zones it is presumably 
diffusion through and/or migration of aqueous fluids that is largely rate controlling and 
determines the degree of Rb/Sr isotope equilibration on geological time scales.
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Type 1 mylonites show retrograde metamorphic reaction involving hydration, and thus 
formed in the presence of a fluid. In these mylonites, enhanced grain boundary diffusion via a 
fluid should have accompanied the grainsize reduction accompanying mylonitisation. If 
permeability increased due to cracks formed during shearing induced by strain incompatibilities, 
then transport of Rb and/or by fluid advection may also have been possible (Etheridge and 
Cooper, 1981; Etheridge et al, 1984). Such an overall enhancement of fluid interaction 
provides isotopic equilibration in mylonite zones and thus Rb-Sr (TR) ages will approximate 
the true age of equilibration instead of being an artifact of mechanical mixing due to extreme 
shearing as might be the case under dry conditions.
3.4.2 Sampling Methods and Isotopic Techniques
Because of the potential complexities listed above, independent measurements from 
several localities were attempted on the Type 1 mylonites, to check for consistency of results 
(Fig. 2-7). Five sites from Type 1 mylonites were successfully dated. Each sample was 
collected using explosives and was selected to obtain as large a compositional range over as 
small a volume as possible, in each case less than 1 m3. For the most part, samples were 
slabbed along weak lithologic boundaries, the cm-scale slices representing petrographically 
discrete layers. Sample locations are shown in Figure 3-2 and summary descriptions are given 
in Table 3-9.
The standard analytical procedures used for isotopic Rb and Sr determination are 
outlined in Page et al (1976) and Williams et al (1976). Isochron regression of the analyses is 
based on the work of McIntyre et al (1966). The 1.42 lO*1^ * 1 decay constant for 87Rb 
(Steiger and Jäger, 1977) is used for both reported and recalculated ages.
3.4.3 Isotopic Results
The results are summarised in Table 3-10 and listed in full in Table 3-11. Sampling 
sites are shown in Figure 3-2
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Site H
A Type 1 mylonite zone is cut by unfoliated pegmatite and narrow aplitic veins 
introduced during D4. The penetrative biotite mylonitic foliation also cuts a dyke of mafic 
granulite. Small gently plunging F4 folds deform the Type 1 mylonitic foliation outside the 
zone of most intense deformation. Intense, narrow Type 2 mylonite zones formed under 
greenschist facies conditions cut the earlier Type 1 mylonitic foliation. A sample (84091686) of 
the early mylonite Type 1A(2), gives a Rb-Sr total rock (TR) age ofl510±160 Ma.
The unfoliated pegmatite (84091689) yields a Rb-Sr TR age of 1140±56 Ma, providing 
an independent younger limit on the mylonite age. The age is also a more meaningful estimate 
of the D4 thermal event (Ormiston migmatite event) than the previous determination of 1050±50 
Ma (Maijoribanks and Black, 1974) which relied on regression of a muscovite with the total 
rock points. The pegmatite age also demonstrates that the D1^  tectonothermal event affected the 
northern terrane north of the RDZ. This finding confirms the conclusion of Shaw et al (1984) 
that the southern and central provinces were juxtaposed by the time of D4N=D3S, referred to by 
them as the Ormiston Event.
Site R
Type 1 and Type 2 mylonites occur alongside each other. The Type 2 zone is about 50 
m across, dips 600 north, and continues east and west across the Mount Heughlin massif. The 
rocks north of the zone are of higher grade than those to the south. The Type 1 mylonite may 
well be derived from a protolith not unlike that of the Type 2 mylonite as their bulk chemical 
composition is similar (Table 3-12). The Type 2 mylonite formed of lowest amphibolite.to 
uppermost greenschist grade. The Type 1 mylonite is a gneiss containing relict clasts of 
feldspar and quartz that may contain a memory of an earlier event. Both mylonites lack 
obvious compositional layering so the degree of mylonitisation is not controlled by 
compositional differences. Mylonitic surfaces are strongly lineated by elongate augen of 
recrystallised feldspar. The sense of shear is unclear because of folding in the zone. The 
mylonite is Type 1A(2) (Table 3-5). Rootless folds outlined by the Type 1 mylonitic foliation 
(Sm3) are cut by fine grained, discontinuous pegmatite veins assigned to D4. These pegmatites
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are completely obliterated by the Type 2 mylonites. The boundary between the two mylonites 
is extremely sharp and the Type 2 mylonitic foliation (Sm5) is not apparent in the underlying 
Type 1 zone.
The Type 1 mylonitic gneiss (84091677) yields a Rb-Sr TR age of 1475±162 Ma, the 
large error is attributed to the inherited grains of higher metamorphic grade. The proximity to 
the Type 2 my Ionite zone might have caused partial resetting, although no retrograde minerals 
are present.
The Type 2 phyllonitic ultramylonite (84091676) yields an apparently complex, but 
easier to interpret isotopic pattern (Fig. 3-14). Regression of all data points indicates marked 
disequilibration (MSWD = 51). However, these data are easily reconciled in terms of two 
straight lines, based on the proximity of the analysed cm-thick slabs to each other. The first of 
the alignments is defined by adjacent slabs A to E, which are from the unweathered interior of a 
small blasted boulder. The remaining slabs (F to I) are from the weathered iron-stained exterior 
portions of the same boulder. Although well aligned, analyses F to I are considered to yield a 
very young age because they record the partial response to weathering. No other Type 2 
mylonites collected were as fresh as the sample. This result clearly demonstrates the necessity 
of using completely unweathered samples for isotopic work.
The fresh samples (A to E) from the interior of the boulder yield a perfect isotopic 
alignment with an age of 415±50 Ma and an initial ratio of 0.7378 ±0.0009. Epidote, 
plagioclase, K-feldspar, muscovite, and biotite from slab A, which is most distant from the 
weathered end of the boulder, produce an isochron with an age of 348±3 Ma and an initial ratio 
of 0.7388±0.0007 (Fig. 3-15). The large MSWD of 46 indicates that either the minerals were 
never in complete isotopic equilibrium at 350 Ma, or that a later event (possibly incipient 
weathering) caused some exchange between mineral grains. Deletion of the epidote analysis, 
which is responsible for most of the scatter about the isochron, reduces the MSWD to 13, but 
the isochron age (which is controlled by the biotite analysis) is unchanged.
These different permutations of the mineral isochron yield a slightly younger age than 
that defined by the total-rock slabs. This probably signifies that Type 2 shear movement and 
the circulation of fluid began at 415±50 Ma. Such fluid circulation (with or without shearing)
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either continued for another 50 to 70 Ma or was reintroduced at the end of that time. Another 
interpretation of the difference in mineral and total-rock isochron ages is that the latter 
represents non-complete equilibration of Sr isotopes and that the mineral isochron yields a more 
accurate estimate of that time. Regardless of the specific interpretation, the data indicate that the 
type 2 mylonites developed at about 400 to 350 Ma.
This Type 2 my Ionite zone shows a substantial decrease in the Rb/Sr ratio relative to the 
Type 1 zone which is assumed to be its protolith (Table 3-12). The bulk chemistry of both 
mylonite types is substantially similar except that in the Type 2 mylonite FeO, MgO and CaO 
have doubled in amount and K2O has decreased.
Site K
A Type 1 mylonite zone separates northerly striking felsic gneisses and mafic granulites 
to the north from an east-striking terrane of granitic to tonalitic gneisses and minor mafic 
granulite. Retort-shaped recrystallised tails on K-feldspar augen indicate a north over south 
sense of shear across the zone. The Type 1 A ( l )  mylonite (84091681) contains a high 
proportion of relict granulite-facies grains (principally orthopyroxene and hornblende). 
Fortunately, these phases do not contain large quantities of Rb or Sr and there is no sign of 
inheritance in the 1533±70 Ma total-rock age.
Site W
This mylonite zone cuts both augen gneiss, containing conspicuously large augen of 
microcline, and mafic granulite now retrogressed to amphibolite. The augen gneiss is a tonalitic 
granitoid that was intruded by mafic sills recording a granulite metamorphism. The granitoid 
was then strongly foliated, and progressively folded into reclined folds during D 2 . S-C planes 
and asymmetrically deformed feldspars indicate a north over south sense o f shear (e.g. 
84091122). The mylonite (84091644) is Type 1 C and shows a high degree of retrogression 
and grainsize reduction. It yields an imprecise Rb-Sr total-rock age of 1560±150 Ma. The large 
error may be explained by the small range in composition of the deformed granitoid, and by
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incomplete homogenisation; an earlier foliation, defined by coarse biotite, is preserved between 
fine biotite folia defining the mylonitic foliation.
SiteD
This mylonite zone cuts the same augen gneiss as in the previous site. Rotated feldspar 
augen in the mylonite indicate northeast block over southwest movement. The mylonite zone 
itself forms map-scale (macroscopic) folds, indicating that it has been affected by a later 
deformation considered to be F4. Narrow, cross-cutting Type 2 mylonites occur nearby. The 
mylonite (84091641) is Type IB, because all minerals are deformed and recrystallised. It 
commonly contains small relict megacrysts of plagioclase and very large microcline megacrysts, 
but these make up less than 2 per cent of the analysed sample.
The total rock age of 1370±64 Ma is the youngest Type 1 value obtained. This relates 
to partial isotopic resetting, possibly as a consequence of later deformation associated with the 
folding. Furthermore, it is by no means certain that all the mylonite zones were active 
synchronously.
3.4.4 Origin and Age of Proterozoic Mvlonitisation in the RDZ
The RDZ is a major megashear that traverses over 400 km (Shaw et al, 1984) east-west 
across central Australia. A major crustal boundary at the site of the RDZ was hinted at by 
Forman and Shaw (1973) and discussed by Shaw et al (1984). The RDZ separates two 
provinces with contrasting geological histories and lithologies (Table 3-14) which are therefore 
tectono-stratigraphic terranes in the sense of Jones et al (1983). The protoliths to the granulites 
of the central province, that is the northern terrane, are bimodal volcanics and petite intruded by 
granite and an anorthositic body (Shaw et al, 1984), whereas the southern terrane comprises 
granitic basement overlain by shallow-water sediments (Tessyier et al, 1987). The RDZ 
coincides with the inflection point between paired gravity anomalies; a feature used as a 
distinctive signature for sutures in the Canadian Shield (Thomas and Gibbs, 1985) and in the 
Australian Precambrian (Wellman, 1978). The degree of structural difference across the RDZ, 
and when the two terranes came together are discussed below.
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A major period of shearing is demonstrated at about 1400-1500 Ma followed by a 
tectonothermal event now dated at 1140±56 Ma. This extensive migmatite-forming event, 
which also involved anatectic granite emplacement, was the first to clearly affect both the 
southern terrane, where it was widespread, and the northern terrane, where it was patchy. 
Dating of D2 in the southern terrane by Maijoribanks and Black (1974) yielded an age of 
1586±69 Ma, which Shaw et al (1984) argued may be an underestimate due to minor resetting. 
This age for D2 in the southern terrane is significantly older than our preferred age of 1400- 
1500 Ma for the megashearing event (D3) in the northern terrane. Because the dated Type 1 
my Ionites contain relict grains it is thought more likely that 1500 Ma is an overestimate rather 
than an underestimate.
In the northern terrane Sm3 is restricted to narrow zones whereas S2 recognised by 
Teyssier et al (1987) and Marjoribanks (1975) in the southern terrane is a pervasive 
deformation. The deformations are therefore quite distinct in nature. It is suggested that the 
1400-1500 Ma shearing event ( D3) in the northern terrane corresponds to late D2 in the 
southern terrane.
The consistency of the Rb-Sr TR ages point to an apparent age of mylonitisation of 
about 1400-1500 Ma. The scatter in the data suggest a minor degree of incomplete 
equilibration. Where equilibration is not complete the apparent age may be somewhat greater 
than the true age. The 1400-1500 Ma megashearing event in the RDZ is a manifestation of the 
more widespread Anmatjira Event (Shaw et al, 1984) recognised previously throughout the 
Arunta Block (Table 3-13).
It is possible that the 1500 Ma event was produced by joining of what were effectively 
two independent terranes, a northern one (most of the central province) first metamorphosed at 
about 1800 Ma (Black et al, 1983) and a southern one (the southern Arunta province) first 
metamorphosed at about 1600 Ma (Maijoribanks and Black, 1974). How far these terranes 
were apart beforehand is unknown. Shaw et al (1984) pointed out an apparent lithological and 
possible stratigraphic continuity of sequences on both sides of the RDZ 50 km east-northeast of 
Alice Springs and in the far east of the Arunta Block. This continuity argues against the RDZ 
being a geosuture. However, lithological correlations are not definitive evidence. Our new
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structural and geochronological evidence favours independent histories for the central and 
southern provinces up to and possibly including the 1400-1500 Ma megashearing event. A 
spread of ages is not unexpected as there may have been crustal shortening across a major 
crustal boundary over a protracted period.
3.4.5 The Nature of the 1050 to 1200 Ma Tectonothermal Event
The renewed tectonic activity in the region of the RDZ at 1050 to 1200 Ma was largely 
thermal, posssibly caused by extensional activity or by magmatic underplating by basic magma, 
and affected only the southern margin of the North Australian Orogenic Province (Plumb et al, 
1981). In the event shortening was mild and produced open, east-west upright folds (FgN) in
the southern terrane of the Arunta Block. In the Musgrave Block, widespread anatectic granite 
emplacement was followed by bimodal volcanism in cauldron subsidences. Horizontal 
stretching of the lithosphere may have transposed isotherms due to upward movement of the 
asthenosphere, thereby inducing melting in the mantle as the dry solidus was reached 
(Thompson, 1981). Magmatic underplating of the crust is suggested by the accompanying 
basic layered intrusions (Giles Complex in the Musgrave Block) and the Mordor Complex in 
the Arunta Block (Langworthy and Black, 1978). Melting of the middle to lower crust was 
possibly induced as the wet solidus was intersected and basic magmas were emplaced into the 
crust, thereby producing the anatectic granites and widespread migmatisation. The Stuart Dykes 
are 200 Ma younger and are not considered to be part of this migmatite event as the time 
difference is three to four times the thermal time constant of a lithosphere of normal thickness 
(e.g. 50-60 Ma, Sleep, 1971).
3.4.6 Rb-Sr age Constraints on the Time of Reactivation of the RDZ
The Rb-Sr TR and mineral-TR ages point to a mylonitisation event at about 400-350 
Ma. Biotite-TR ages vary widely over the region from 1004 Ma in basement near the basin 
margin to a minimum of 348 Ma for the ultramylonite at site R (Fig. 2-7). In this ultramylonite, 
the presence of a fluid facilitated isotopic equilibration. Biotites giving ages between these two 
extremes may record either partial isotopic resetting of the Rb-Sr system or rapid cooling on
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uplift through its closure temperature. Granulites would be expected to record the youngest 
ages for closure of the isotopic system because they have been uplifted the most. Rocks of 
highest metamorphic grade in the northern terrane, presumed to have been uplifted the most, do 
not record the minimum ages, implying that the biotite ages are the result of partial resetting. 
This interpretation is consistent with the rapid variation in ages over short distances (e.g. 
Redbank Hill massif, Fig. 7-2). Many of the biotite ages from the northern terrane are in the 
range 400-350 Ma, regarded as the age of mylonitisation, implying that the biotites were close 
to conditions favourable to complete resetting at the time of mylonitisation. Because several of 
the biotites come from impervious unsheared rocks, lacking a Palaeozoic mylonitic Type 2 
foliation, it is inferred that the opening of biotite to Rb-Sr isotopic exchange was controlled 
primarily by temperature. This relationship implies that the youngest biotites in the northern 
terrane outside the shear zones were uplifted the most. If the resetting temperature for biotite is 
close to its closure temperature of about 300°C (Wagner et al, 1977), then the most uplifted 
rocks have come from depths of 10-12 km (assuming a geothermal gradient of 25-30°C).
The biotite at site T, which records an age of 345 Ma, younger than other biotites south 
of the RDZ, may be recording lateral and downward heat flow from a hotter overthrust 
granulite block. However, the presence of an incipient mylonitic Type 2 foliation in this rock 
raises the possibility of shear heating or heat transfer by fluid movement in more permeable 
rock as the cause of resetting.
The biotite age of 1004 Ma in the basement near the Amadeus Basin is close to that of 
the 1050-1200 Ma Ormiston thermal event, suggesting that these rocks were never deeply 
buried since that event.
In conclusion, it is apparent that mylonitisation occurred in the period 400-350 Ma, and 
that Rb-Sr isotopic equilibration in the southern part of the northern terrane was widespread at 
the same time (cf Kelly and Powell, 1985).
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3.4.7 Principal Conclusions of Rb-Sr Geochronology
A major megashearing event, demonstrated for the RDZ beginning at 1400-1500 Ma, 
was succeeded by a thermal event dated by the age of pegmatite emplacement at about 1140 Ma. 
The sense of shear for this event was dominantly north over south. Younger mylonites formed 
during the Alice Springs Orogeny are also recognised in the zone and yield distinct Rb-Sr total- 
rock and mineral isochrons of 350-400 Ma.
The fact that no major shearing event is recognised in the RDZ between about 1400 Ma 
and 400 Ma implies that contractile shearing and major faulting were not major controls on 
development of the Amadeus Basin until about 400 Ma. If uplift in the intervening period was 
controlled by faults outside the RDZ, these would need to have been sufficiently minor that 
movement on them did not perturb the gross crustal structure which appears to be substantially 
defined by displacement across the RDZ. It is unlikely that the RDZ exerted a major control on 
sedimentation in the Amadeus Basin except in the final stages.
3.5 40Ar/39Ar and K-Ar evidence for the Uplift History
3.5.1 Previous ^A r/^ Ar and K-Ar Geochronology in Central Australia
Previous Rb-Sr age determinations on either side of and within the RDZ carried out 
before the start of the 40Ar/39Ar dating program are summarised in Table 3-15.
K-Ar ages of about 1400 Ma are widespread in the northeastern Arunta Block (Hurley et 
al, 1961) and 40Ar/39Ar age-spectrum ages of about 1400 Ma have been reported from the 
northeastern Arunta Block (Strangway Range) (Woodford et al, 1975; Allen and Stubbs, 
1982). Rb-Sr total rock ages of about 1400 Ma have also been reported from the central-eastern 
region (Iyer et al, 1976). Considerable K-Ar dating in the eastern part of the Arunta Block 
yielded mica ages ranging between about 800 Ma and 315 Ma (Stewart, 1975; Iyer et al, 1976; 
Webb and Lowder, 1972; Allen and Stubbs, 1982). Armstrong and Stewart (1975) obtained 
Rb-Sr TR mineral ages of 320-350 Ma for retrogressed basement rocks in the root zone of the 
Arltunga Nappe Complex, considered to be the time of nappe emplacement (ANC in Fig. 3-
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16). The same rocks yielded K-Ar ages on muscovite ranging from 400 to 800 Ma. Woodford 
et al (1975) obtained a 40Ar/39Ar age of 335±10 Ma on white mica from undeformed pegmatite 
cutting a shear zone formed during the Alice Springs Orogeny in the Strangway Range.
Rb-Sr mineral ages in the eastern part of the Arunta Block include 345 to 300 Ma for 
gneisses in the Harts Range (Cooper et al, 1986), and 347±2 Ma for felsic granulite in the 
Strangway Range (Windrim and McCulloch, 1986). Mortimer et al (1987) recorded 320 Ma 
U-Pb zircon age for an undeformed pegmatite and a 520 Ma age for deformed pegmatite in the 
Harts Range region.
The meaning of a number of the K-Ar ages is unclear because of the effects of partial 
resetting and of excess Ar (see below). It is known from the work of Armstrong and Stewart 
(1975) that shear zones formed during the Alice Springs Orogeny yield K-Ar dates that are too 
high due to the incorporation of excess argon. Rb-Sr mineral ages may also reflect the 
problems of partial resetting (see Section 3.4.6). Because of this problem, samples for the 
present study were selected away from shear zones showing any low-retrograde effects 
presumed to be of Alice Springs Orogeny age.
A major event at 1500-1400 Ma clearly affected the terrane north of the RDZ over a 
wide region. A Rb-Sr isotopic redistribution, dated by Maijoribanks and Black (1974) at 
105Q±50 Ma south of the RDZ in the western part of the Arunta Block, is related to a thermal 
event producing widespread migmatisation concentrated south of the RDZ. Younger K-Ar and 
Rb-Sr ages of between 800 Ma and 300 Ma may be difficult to interpret because of the 
problems of excess argon in the K-Ar isotopic system and the problem of partial resetting in the 
Rb-Sr isotopic system. The youngest age of ~320 Ma may be reliable in light of the U-Pb 
zircon age of 320 Ma.
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3.5.2 Methods and Analytical Results
Before describing the results of the ^A r/^A r study it is necessary to provide some 
background information on the method.
3.5.2.1 Closure t emperatures
40Ar/39Ar ages determined on minerals are often found to be cooling ages. For such 
cases a closure temperature (Tc) can be defined as the temperature at the time corresponding to 
the apparent related age (Dodson, 1973). This temperature depends on cooling rate and can be 
related to the mean concentration of isotopic species within a crystal. If diffusion parameters 
can be derived from a step-heating experiment on a particular mineral (Harrison and McDougall 
1982), or by other means, then the bulk closure temperature (Tc) can be calculated using the 
formulae of Dodson (1973):
E/RTC = ln{ A(Do/a2) [RTC2/E(- T*)c] ) Eqn.2.1
where Tc is the absolute closure temperature (K)
E the activation energy (cal/mol)
R the gas constant (1.987 cal/mol K)
"a" a dimension representing the effective grainsize of the crystal,
A is a geometrical factor equal to 55 for spherical grains 
(-T* )c is the cooling rate (K s*1) at closure
D 0 (cm2/sec) is a constant, the frequency factor, defined as the pre- 
exponential factor in the Arrhenius diffusion relationship discussed 
below.
Substitution in Dodson's closure temperature expression gives a temperature which 
varies with cooling rate. In the case of very rapid cooling of an igneous rock, subsequently not 
reheated, the measured age will provide a minimum but close estimate for the time of 
crystallisation. Closure temperatures for biotite, muscovite, K-feldspar and hornblende, 
derived from accepted published values, are listed in Table 3-16.
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3.5.2.2 Principles o f the 40Arf 9A i method
The general method of 40Ar/39Ar dating has been reviewed by York (1984). The K-Ar 
method of dating rocks depends upon the accumulation of 40Ar from the radioactive decay of 
40K following crystallisation. A K-Ar age is obtained from (i) the known rate of decay of 40K 
to 40Ar, (ii) calculated from the measured total K , and (iii) the measured radiogenic Ar. In
the 40Ar/39Ar method, irradiation by fast neutrons of samples of unknown age, as well as 
standards of known age, converts a fraction of the 39K in each sample to 39Ar by an (n,p) 
reaction. This technique has the ability to analyse for K and radiogenic 40Ar in the one 
experiment through isotopic analysis of the Ar isotopes extracted from a mineral or whole rock 
sample after irradiation. The age is determined by directly comparing the 40Ar/39Ar ratio (after 
allowance is made for atmospheric 40Ar) of the unknown and a monitor mineral of known age, 
included in the same irradiation. The function of the monitor is to accurately measure the 
neutron influence received by the unknown sample. Following irradiation, argon is extracted 
from both the unknowns and standards by heating under ultra high vacuum. Analysis by mass 
spectrometry of argon extracted from both unknowns and standards allows calculation of an 
age for each unknown by comparison of the isotopic ratios measured in the age standards with 
the ratios measured in the unknown. Gas can be extracted in a series of steps by heating for 
short durations at successively higher temperatures starting well below the fusion point of the 
sample. As the initial 39Ar concentration in each grain of the sample is uniform with respect to 
K, the cumulative 39Ar released during the series of heating steps is a measure of the progress 
of outgassing of the argon from the sample. Also, as the duration and temperature of heating of 
the sample in the laboratory are known, the step-heating experiment is a diffusion experiment 
from which information about the kinetics of Ar diffusion in each specimen can in some cases 
be gained (e.g., if the mineral remains stable during vacuum heating). A plot of age determined 
for each step versus cumulative 39Ar release is known as an age spectrum. The shape of the 
age spectrum can give information about the thermal history of the sample and provide insights 
as to the significance of the bulk K-Ar/total-fusion 40Ar/39Ar age.
40Ar/39Ar age spectra are comparable to a series of K-Ar ages except that only 
40Ar/39Ar ratios are measured rather than directly determining Ar and K concentrations
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independently, as in the conventional K-Ar method. Consequently, the ^A r/^A r ratio must be 
compared with that of a standard (established by K-Ar analysis).
The various types of age spectra that are readily interpretable are shown in Figure 3-17.
Profile 1 (Fig. 3-17) is a flat or 'plateau' age spectrum which indicates rapid cooling and 
subsequent closed system behaviour. This type of spectrum can be expected from samples 
such as rapidly cooled lavas (e.g. alkali feldspars from pumices in tuffs at Koobi Fora, Kenya; 
McDougall, 1985).
Profile 2 can result from episodic diffusive loss of argon during a simple very brief 
thermal event, or it can result from slow cooling. Such spectra are predicted by Turner (1968) 
for recent loss of Ar from a single grainsize population of spheres (Fig 3-18). Age spectra 
looking like Profile 2 have often been observed (e.g. Harrison, 1981).
Profile 3 is example of a spectrum produced by excess Ar gain and is typical of many 
metamorphic hornblendes (e.g. Harrison and McDougall, 1980).
Profile 4 shows a saddle-shaped spectrum reflecting incorporation of excess 40Ar 
expressed at both high and low extraction temperatures. The spectrum appears to reflect 
mulitple siting of excess-Ar components in crystal lattices (e.g. in hornblendes from 
metamorphics at Broken Hill, Harrison and McDougall, 1981; in K-feldspars; Zeitler and 
Fitzgerald, 1986; and also in plagioclases).
Profile 5 is produced by episodic loss of Ar in cases where large range of grain sizes are 
present. The profile shown is a composite spectrum with moderate Ar-gain indicated at low 
levels of release. Natural examples of this type of spectra have been documented by Gillespie 
et al (1982) for degassed xenoliths in early Pleistocene basalts from Sierra Nevada, U.S.A. 
The effect of recent (< 1 Ma) partial 40Ar degassing during heating has also been studied at 
Valles Caldera, New Mexico for a Recent thermal event of short duration and give a small40Ar 
loss (Harrison et al, 1986). Profile 5 is similar to profile 4 except that the amplitude of the 40Ar 
loss (in moles of concentration) is much greater in profile 5. Also, the 40Ar values tend to rise 
more continuously in proflie 5 compared to profile 4.
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3.5.2.3 Strategy adopted in the present study
The 40Ar/39At dating program was designed to obtain further information on the uplift 
history of the basement between the Amadeus and Ngalia basins. Samples were collected for 
40Ar/39Ar and K-Ar analysis from 13 sites along a north-south traverse across the principal 
basement structures between the Amadeus and Ngalia basins. Sampling was centred on 
longitude 133°E (see Fig. 2-1, a cross-section of which is shown in Figure 3-19). Where 
possible, more than one mineral was collected from the same sample site or from an equivalent 
nearby site. Care was taken to choose samples that showed no signs of retrogression during 
the Alice Springs Orogeny. Additional specimens were also collected for reconnaissance K-Ar 
dating to monitor regional variation.
Our approach was to first determine the high-temperature thermal history of the 
underlying basement by determining 40Ar/39Ar age spectra for muscovite and hornblende with 
high closing temperatures (Table 3-16). These samples were collected close to the preserved 
basin margin where the stratigraphic section is established. The muscovite and hornblende age 
spectra provide a baseline with which to gauge the significance of K-feldspar ages from the 
same sample site. Thermal history of this southern site is used as a bench mark to assess the 
thermal history of other sites.
3.5.2.4 Analytical Methods
Mineral separates of better than 99.8% purity were obtained using standard heavy 
liquid and magnetic separation techniques, followed by hand picking where necessary.
Samples were irradiated for 120 h in the HIFAR reactor of the Australian Atomic 
Energy Commission, together with ANU biotite standard GA 1550 (age 97.9 Ma) as a flux 
monitor for K-feldspar/muscovite, and ANU hornblende standard 77-600 (age 414.2 Ma) as a 
flux monitor for hornblende. Temperature control during the step-heating experiments was 
maintained to an accuracy of ±10° with a precision of 1°C using a Eurotherm controller 
operation through a thermocouple. Heating steps lasted for 10-15 minutes.
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3.5.2.5 Isotopic Results
Variations in spectra across a N-S geological section are summarised in Figure 3-19. 
Individual 40Ar/39Ar age spectra are illustrated in Figures 3-21 to 3-24. A summary of 
40Ar/39Ar and K-Ar results is presented in Table 3-17. A full list of results for each step­
heating experiment is given in appendix 2.
Most of the K-feldspars have complex, steep, discordant 40Ar/39Ar spectra (cf Turner, 
1968; Zeitler, 1987). In general, the K-feldspar spectra increase monotonically and are 
concave-upward. In this respect they differ from the theoretical convex-upwards spectra 
described by Turner (1968) for a uniform population of spherical grains that have undergone 
diffusional argon loss, but are similar to the curves found for a sample consisting of a large 
range of grainsizes.
The gently rising spectrum for the K-feldspar from the granulite terrane (Ar 5) is distinct 
from all other K-feldspar spectra. The K-feldspar spectrum for site Ar6 is erratically discordant 
and uninterpretable. The hornblende and muscovite show generally sub-horizontal spectra with 
some minor Ar loss evident in steeply rising ages for the initial fractions of 39Ar released. 
Their ages are significantly greater than the total fusion ages for coexisting K-feldspar.
3.5.3 Interpretation of Hornblende and Mica age spectra
Hornblendes and muscovite have closure temperatures for argon of 500±50°C and 
350±50°C, respectively, for low to moderate cooling rates (Table 3-16). The generally sub­
horizontal age spectra of the hornblendes (Fig. 3-21) probably give time of cooling through 
~500°C following the Ormiston thermal event. These spectra suggest cooling ages for 
hornblende of -1200 Ma (Ar9, Arl2) and for muscovite of 1130 Ma (ArlO and A ril). The 
spectra show second order effects due to minor Ar loss and combined with an excess Ar gain 
profile in some cases to produce a spectrum with a very slight saddle shape. Cooling ages for 
hornblende and muscovite at 1200-1100 Ma are in agreement with the Rb-Sr pegmatite age 
from the northern terrane of 1140 ± 56 Ma (Section 3.4) and previous Rb-Sr geochronology in 
the southern terrane (Maijoribanks and Black, 1974). The biotite K-Ar age of 1125 Ma (Table 
3-17) at the site Arl 1 is inseparable from the muscovite age at the same site, consistent with the
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similar closure temperatures and relatively rapid cooling of the two minerals, and suggesting 
the spectra can only yield direct information about cooling, not uplift, at about that time.
The hornblende from the northern terrane (site Ar5) shows a complex, although sub­
horizontal, 40A i f 9A i spectrum consistent with uplift through its closure temperature at about 
1450 Ma (Figure 3-22). Because the hornblende (86-122) is from a multiply deformed and 
metamorphosed terrane a complex spectrum might be expected (Harrison and Fitzgerald, 1986). 
Biotite from site Ar5 has a K-Ar age of about 435 Ma (Table 3-17) suggesting that the northern 
terrane had a significantly different uplift history compared with the southern terrane. Biotite K- 
Ar ages elsewhere in the northern terrane range from about 640 Ma (Ar4) to about 450 (Ar3) 
for centrally placed samples.
A 1450 Ma cooling age for the hornblende is in agreement with the apparent age of early 
mylonitisation in the RDZ determined by the Rb-Sr total rock methods at 1400 - 1500 Ma 
(Section 5). This 1450 Ma cooling age also implies that the granulite terrane had a markedly 
different cooling history to the southern amphibolite terrane where hornblendes have a cooling 
age of about 1200 Ma. Later thrusting during the Alice Springs Orogeny presumably brought 
these different terranes closer together. Because K-feldspar generally has a rather low closure 
temperature (Tc (microline) ~ 120-155°C, cf Table 3-16) it would be expected to have ages 
younger than the 1130 Ma muscovite age for initial cooling. Therefore K-feldspar would be 
expected to close to 40Ar ioss at a slightly later time than the muscovite from the southern 
terrane. Uplift of the southern terrane to upper crustal levels occurred by 1130 Ma or 
somewhat later.
3.5.4 Interpretation of K-feldspar Age Spectra 
3.5.4.1 Interpretation of the spectra
Most of the K-feldspar show very discordant spectra reflecting strong 40Ar 
concentration gradients (Figs 21-24). All the spectra except for Ar8 show minor excess gain 
profiles at low levels of 39Ar release. Such profiles are similar to those documented by 
Harrison and McDougall (1980) for thermally disturbed hornblendes in New Zealand, and are 
commonly observed in hornblende and in feldspars. Excess 40Ar has also been found in micas
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in the Arltunga Nappe Complex in the southeastern Arunta Block by Armstrong and Stewart 
(1975).
The high apparent ages observed in the K-feldspar spectra with increasing release age 
spectra probably do not reflect the incorporation of excess A r, because (i) no apparent ages are 
ridiculously high, (ii) the spectra can be matched with the patterns for models of episodic loss, 
and (iii) the quantity of the excess would be too great, being 10 - 100 times greater than 
described in previous K-feldspar studies.
The K-feldspar spectra are interpreted to represent episodic-loss profiles of the type 
modelled by Turner et al. (1968) and confirmed experimentally by Zeitler (1987). These 
authors have shown that if a range of grain size exists in a sample then a monotonically rising 
profile can be produced during a subsequent thermal event. If the range of grain sizes is 
sufficiently great then a profile which is concave-upwards in shape can be produced at high Ar 
losses (Fig. 3-18) What is important in producing this effect is the internal variation in effective 
grain size for diffusion and not the physical grain size of the grains (Zeitler, 1987).Such an 
interpretation is consistent with the wide geographical distribution of spectra of this type for 
feldspars and with the geological history at the region involving burial during intracratonic 
basin formation and subsequent tectonic disruption by thrusting.
Episodic loss profiles have been traditionally interpreted in terms of a short-lived 
thermal spike. In this case the minimum intercept age gives the age of a short-lived thermal 
event and the oldest apparent age is a minimum estimate of the original age (Fig.3-18). 
However, it is unreasonable to expect an instantaneous thermal pulse in the Arunta Block 
because the region is generally devoid of igneous activity from the time of general uplift 
following intrusion of the Stuart Dyke Swarm at about 900 Ma (Black et al, 1980). As the 
geological history in central Australia involves burial during sedimentation and/or thrusting 
followed by uplift in the final stages of orogenesis, a conceptual model of a parabolic 
temperature-time (Tt) history with a fairly long timescale of 108 Ma is a more reasonable model 
(see later discussion of Figure 3-29). A square Tt pulse used in modelling by previous authors 
will only give a very crude approximation to the Tt history of the K-feldspars for central 
Australia. The situation involving an extended period of overprinting has not previously been
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modelled in relation to 40Ar/^Ar dating of K-feldspars. The closure-profile theory of Dodson 
(1986) suggests that grain edges will have lower closure temperature (Tc) values than grain 
interiors. Argon release in the early stages of a 40Ar/39Ar step heating experiment will be from 
grain edges and is expected to record ages reflecting cooling through the closure temperature, 
although the presence of argon gain profiles complicates the story. It is important to stress that, 
with a parabolic, long timescale Tt history, initial ages may record cooling through the closure 
temperature (Tc) for grain edges, not the time of peak temperature, as is generally assumed for 
instantaneous events (e.g Harrison et al., 1986).
3.5.4.2 The significance of the minimum intercept age
The 40Ar/39Ar age spectra need to be treated in a semi-quantitative manner because the 
samples may show internal variation in their diffusion parameters and because excess argon- 
gain profiles make it difficult to accurately estimate the apparent minimum intercept age.
Intercept ages of 300 to 350 Ma may be crudely estimated by extrapolation through the 
excess 40Ar-gain profiles to the apparent age at the y-axis. These ages probably record cooling 
through a temperature ~50°below the bulk closure temperature as derived by equation 2-1. 
This interpretation is based on the theoretical analysis of Dodson (1986) who showed that the 
range in closure temperature within a single crystal can be expected to be about 50 to 100°C for 
an entire closure profile, and to be about 40-50°C for the difference between the bulk closure 
temperature and the closure temperature of the grain edge. Interpretation of the minimum 
intercept ages as recording cooling is consistent with 260 Ma fission-track apatite ages (Table 3- 
18) for cooling through ~100°C. It is important to realise that none of these ages record a 
discrete event. The apparent ages are steps in what was probably a continuous thermal process.
In summary, the peak temperature occurred during or slightly earlier than the 300-350 
Ma interval estimated from minimum intercept ages. A thermal peak in the period 300-350 Ma 
agrees well with the Rb-Sr results presented earlier in this chapter and with the 320 Ma U-Pb 
age on zircon from a pegmatite in the Harts Range region (Mortimer et al, 1987).
3.5.5 Thermal History of the Basement
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3.5.5 Thermal History of the Basement
3.5.5.1 Estimation o f40Ar loss
The total argon lost from each sample at the approximate time of the Alice Springs event 
can be estimated by comparing the radiogenic argon expected (^Ar*) for the initial cooling age 
(-1050 Ma) with the gas estimated to be present at the age of the event (-300 Ma) as shown in 
Table 3-19 (cf Gillespie, 1982). Radiogenic argon accumulated since the age of the event is 
irrelevant to any determination of the loss and must be subtracted from the observed Ar 
concentrations. The 1050 Ma age is that of the last pre-basin migmatite event as determined by 
Marjoribanks and Black (1974) (Table 3-15), and is a reasonable estimate for the original 
cooling age for the K-feldspar based on the cooling ages for hornblende and muscovite, 
bearing in mind that the K-Feldspar has a lower closure temperature than either for hornblende 
and muscovite. The K-feldspar initial cooling ages (-1050 Ma) are also constrained by the age 
of emplacement of the Stuart Dyke Swarm at about 900 Ma (Black et al, 1980). These dykes 
are shown to have been intruded at high structural levels by their unconformable relationship 
with the basal sands of the Amadeus Basin (Heavitree Quartzite). In addition, several of the 
feldspar spectra reach ages approaching this value of 1050 Ma.
These estimates of 40Ar loss are semi-quantitative because both the initial cooling age 
(1050 Ma) and the age for the end of the loss event (300 Ma) are not tightly constrained. The 
variation in apparent K-Ar ages across the thrust belt can also be accounted for by various 
degrees of partial argon loss due to a thermal episode at about 300 Ma. The calculated argon 
loss shows a weak correlation with the original metamorphic grade of the specimens (Fig. 3- 
25).
The dependence of the degree of argon loss on factors other than temperature (e.g. 
grainsize) can explain the fluctuation in apparent K-Ar ages over short distances. Biotite K- 
Ar ages show an even wider range in apparent ages presumably because additional factors such 
as interaction with a fluid phase may have affected the degree of argon loss.
3.5.5.2 Estimation of K-feldspar diffusion parameters for modelling of Ar loss
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Diffusion parameters can be estimated from the step-heating experiments if the studied 
phase remains stable during vacuum heating, as in the case of the K-feldspar. Diffusion 
parameters can be deduced in many cases from the 40Ar/^Ar stepheating experiments because 
39Ar is uniformly distributed with respect to K throughout each K-feldspar crystal immediately 
after irradiation (Turner et al, 1978; Berger and York, 1981; Harrison and McDougall, 1982). 
K-feldspars are particularly suited to this analysis because they remain relatively stable during 
much of the laboratory degassing experiments (Foland, 1974). The diffusion data are derived 
from 39Ar losses at given temperatures and extraction times, assuming spherical grains (Crank, 
1975; Mussett, 1969).
In the Arrhenius equation the relationship of the diffusion coefficient (D) to absolute 
temperature (T) is defined by:
D = D0 exp - (E/RT) equation 2-2
(where the variables are as applied in equation 2-1)
The diffusion parameters required for modelling of Ar loss are the activation energy (E) 
and the frequency factor (D^a^), which correspond respectively to the slope and intercept of an 
Arrhenius plot of In D/a^ versus the reciprocal of absolute temperature (ICHT (K)), (Harrison 
and McDougall, 1980; Harrison, 1981). A plot of diffusion data obtained from the step heating 
experiments on K-feldspar is shown in Figure 3-26. Regression analysis for the linear portion 
of the p lo t, (that is for temperatures less than 900°C), yields an activation energy of 52300 
cal/mol and a frequency factor (D0/a^) of 12900 s-1. Substitution in Dodson's (1973) 
expression for closure temperature gives a closure temperature of 330°C, assuming a cooling 
rate of 10°C/Ma. Deflection from a linear trend at higher temperatures is considered to reflect 
homogenisation and a change in the structural state of the K-feldspar (See Zeitler, 1987). For 
reference, at this closure temperature for typical samples from the central Australian region, a 
loss of about 60% occurs over a 1 Ma period (Fig. 3-27).
3.5.5.3 Argon Loss as a Function of Time/Temperature History
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Diffusion parameters derived from the step heating experiments can be used to deduce 
argon loss for differing time scales and temperatures. It can be shown that for typical diffusion 
parameters for most minerals of geological interest, the bulk of argon loss takes place over a 
limited temperature range of about 60-70°C (Turner, 1969; Dodson, 1973,1986). This 
transition between open and closed states of an isotopic system is fairly narrow because of the 
strong temperature dependence of the diffusion coefficient (D). For a given time scale of 
heating, partial argon loss occurs when the temperature lies between the point of complete loss, 
and the temperature at which argon loss is negligible. A zone thus exists in the crust where the 
degree of argon loss is highly sensitive to temperature over a 50-70°C range. The cumulative 
fraction of 40Ar lost from a spherical grain can be expressed as a function of the time-integrated 
thermal history (Mussett, 1969; Crank, 1975; Carslaw and Jaeger, 1959). The partial argon 
losses for spherical grains, induced at various temperatures assuming a square thermal pulse 
lasting for a specified period (t) and using the equations of Rechenberg (1953) listed by Mussett 
(1969), can be approximated by:
Fl  = 3.385 (Dt/a^) 1/2 for a loss of < 10% equation 2-3
Fl = 3.385 (Dt/a2)l/2 .3 (Dt/a^) for a loss of >10%, <90% equation 2-4
and Fl  = 1 -6/^2 exp (-^2Dt/a2) for a loss of >90% equation 2-5
Where Fl  is the proportional argon loss
D/a2 is the diffusion frequency factor (s'l), 
dependent on the activation energy for 
diffusion (E), and the absolute temperature (T). 
t is heating duration (s)
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The loss for a series of n time intervals (tj) is approximately
n n
Fl  = 3.385 { Z(D/a^)/ tj } ^  -3 {Z (D/a2)j tj } equation 2-6
i= l  j= l
This relationship is shown as a nomogram in Figure 3-27 assuming those diffusion parameters 
deduced in the current step-heating experiments and a square thermal pulse. The basement 
rocks analysed at site Arl 1 are considered to have underlain the Amadeus Basin sediments and 
to have been subsequently uplifted on the AH (see Figs 3-19 and 3-20). It can be seen (Fig. 3- 
27) that if the temperature at the base of the Amadeus Basin exceeded 240-250° for any length 
of time then significant partial argon loss would have occurred from the K-feldspar, Over the 
600 Ma life of the basin the temperature at the base of the sequence is therefore unlikely to have 
exceeded 200° for more than about 100 Ma.
3.5.5 Modelling of the Thermal Pulse
A semi-quantitative thermal model can be constructed by adopting a reasonable 
tectonic/burial history constrained by available palaeontontological and apatite fission track age 
control. The best control is for sample Arl 1 which underwent burial during synorogenic 
sedimentation and was subsequently tectonically uplifted.
3.5.5.1 Geological Constraints on the Initiation of Uplift in the Thrust Belt
Timing of early uplift in the thrust belt can be constrained by palaeontological control on 
a unit of synorogenic conglomerate which contains mylonite clasts derived from the thrusts. 
Boulders of greenschist basement mylonite from either the RDZ or ON have been identified in 
the Undandita Member of the Brewer Conglomerate, which is dated as Late Devonian (floral 
assemblage 3 in Table 3-20 is post-early Frasnian to pre-late Famennian, Playford et al, 1976). 
Using the deduced time scale given in Table 3-20 places deposition of the boulders at about 
360-365 Ma. The mylonite boulders may have come from above the presently exposed level of
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the RDZ. This means that mylonites, formed at temperatures possibly in excess of 350°C 
(Turner, 1969), and thus at depths of 10-14 km based upon an estimated geothermal gradient of 
25-30°C/km, had been uplifted to the surface and eroded by about 360-365 Ma (by which time 
the total thickness of the Amadeus Basin sediments was in excess of 6 km).
The greenschist to lowest amphibolite metamorphic facies and the ductile deformation 
features of the mid-Palaeozoic mylonites indicates that they have been uplifted from depths of at 
least 10 km and possibly as much as 20 km. As much as 4 km of this uplift resulted from slow 
uplift and erosion subsequent to 320 Ma (Tingate et al, 1986). This still leaves 6 km or more of 
uplift of the RDZ mylonites unaccounted for. Presumably this uplift took place on the ON 
and/or across the AH. The bending of the sequence at the AH indicates uplift of at least 8 km, 
accounting for removal of preserved sediment and 1-2 km of basement overlying site A ril, 
mainly in the closing stages of the Alice Springs Orogeny (Fig. 2-6).
The conglomerates (Brewer Conglomerate) also lack granulite clasts indicating that the 
deepest crustal levels had not been exposed during deposition of these sediments. The simplest 
explanation is that uplift possibly started on the ON and AH immediately before 360-365 Ma 
and brought greenschist grade mylonites formed in the RDZ to the surface. The mylonites may 
also have been upthrust on other zones within the RDZ itself. Mylonites in and along the ON 
thrust zone contain chlorite indicating that they have been active at lower temperatures (and 
probably pressures) than those in the master shear zone of the RDZ. The K-feldspar age 
spectrum of sample 86-134 from the granulites (Site Ar5) suggests uplift there was virtually 
complete by 340 Ma, consistent with the proposition deduced from geological evidence that 
movement on the RDZ preceded thrusting on the ON.
The K-feldspar at site Ar5 in the granulite terrane is interpreted as recording about 70°C 
(Dodson, 1986) of cooling over a period of about 60 Ma extending from about 400 Ma or 
somewhat later to about 340 Ma; that is a moderately rapid rate of cooling of 1.2°C/Ma. The 
cooling represents uplift in excess of 2 km for an orogenic geothermal gradient of 30°C/km or 
uplift of 3.5 km for a geothermal gradient of 25°C/km. The 3.5 km of uplift represents only 
that part of the total uplift through the temperature zone for significant argon loss.
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3.5.5.2 Constraints on Evolving Geothermal Gradients
Because the K-Ar system in muscovite is not reset at sites A ril and Arl2 the 
temperature probably did not exceed its closure temperature of about 320°C during any 
subsequent heating on a 106-107 Ma time-scale. However, the biotite K-Ar age at A ril (1125 
Ma) is indistinguishable from the muscovite K-Ar age (1125 Ma). Thus, the maximum 
temperature at Arl 1 could not have exceeded the closure temperature of biotite (280+40°C, 
Table 3-16). If the overburden missing due to erosion was close to the 2.7 km estimated from 
apatite fission track results, then the maximum depth at site Arl 1 was about 11 km as the 
specimen was overlain by about 6 km of sediment and about 2 km of basement. In this case, 
the geothermal gradient was probably about 26°C/km and the maximum geothermal gradient 
assuming no overburden was 35°C/km.
It can reasonably be assumed that the K-feldspars at ArlO and Arl 1 were not reset until 
the final stage of synorogenic sedimentation began at about 37Q±5 Ma (Table 3-20) otherwise 
all the argon would have been lost long before the end of the pulse at 300-320 Ma (Fig. 3-27). 
This implies that the temperatures probably did not exceeded about 200°C before 370±5 Ma. 
The sedimentary column had a thickness (compacted) of 5-6 km by the mid-Ordovician (i.e. by 
465 Ma; see Table 3-21). Consequently, the geothermal gradient up until 370±5 Ma is unlikely 
to have exceeded 25-30°C/km for more than a brief period, and may have been below 25°C/km 
in the Ordovician.
A palaeogeothermal gradient of 20-25°C/km is estimated from the Ellery Creek section 
to account for apatite fission track ages and track lengths (P.Tingate, Melbourne University, 
pers. comm., 1987) as well as CAI conodont maturation values (R. Nicoll, BMR, pers. 
comm., 1987) obtained from units of the Larapinta Group as summarised in Table 3-22. This 
is similar to the present-day gradient deduced from wells in the Palm Valley Gas Field and 
Mereenie Oil Field where little overburden has been removed by erosion since the Alice Springs 
Orogeny (Gorter, 1984). The heat flow of 70-87.5 m\Vm-2, deduced for the upper 4 km of 
section in the Amadeus Basin dominated by sandstone and conglomerate (Table 3-24); is 
consistent with an overall regional geothermal gradient of 25-31°C/km and heat flows deduced 
by Sass and Lachenbruch (1979).
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In summary, a geothermal gradient of 25°C/km is considered appropriate for modelling 
events during the Alice Springs Orogeny. The low value is consistent with the general lack of 
magmatic activity in this intracontinental thrust belt and the localised nature of retrograde 
metamorphism accompanying thrusting. The moderate apparent geothermal gradient is also in 
keeping with there being no thermal driving force for tectonism during the early stages of the 
Alice Springs Orogeny.
3.5.5.3 Transient Geothermal Gradients during Periods o f Rapid Sedimentation or Erosion
In order to accurately reconstruct temperature-time paths during a thermal pulse 
produced by rapid burial and exhumation it is necessary to estimate the transient shift in 
geothermal gradients. These estimates were accomplished by applying the heat conduction 
equation for a moving medium boundary given by Jaeger (1965) and detailed with the results in 
Figure 3-28 for a range of parameters. The transient effect becomes important for time spans of 
30-50 Ma when rates of sedimentation and erosion exceed 100 m/Ma (De Bremaecher, 1983; 
Lucazeau and Le Douaran, 1985), as is the case at the northern margin of the Amadeus Basin 
(Table 3-20).
3.5.5.4 Causes o f the 300 Ma Thermal Pulse
The thermal pulse is considered to be due to the rapid deposition of sediments and/or 
burial by thrust structures during the Alice Springs Orogeny between 400 Ma and 300 Ma. This 
explanation of the thermal pulse is demonstrated by firstly analysing the thermal history of a 
basement sample immediately beneath the Amadeus sedimentary succession (Site Arl 1). Using 
this sample as a bench mark, we show that the argon loss in the other K-feldspars was due to 
similar burial and uplift, in these cases as a consequence of a succession of thrusting events in 
the basement
The thermal pulse recorded at site A ril can be explained by rapid sedimentary burial 
followed by exhumation. Mereenie Sandstone is absent over site Arl 1 and the Parke Siltstone 
has a negligible thickness (100m), so synorogenic deposition started with the Hermannsburg 
Sandstone at about 370 Ma. The rapid addition of 3.6 km of sediment to a sediment column
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already 6.4 km thick (Table 3-21) and subject to a geothermal gradient of 25°C/km would be 
sufficient to raise the basement temperatures by 90°C from 160°C to 250°C for sedimentation 
rates of less than 100m/Ma where temperatures remain close to their equilibrium value. The 
thermal time-constant for a temperature increase to be recorded at a depth of 10 km is about 3 
Ma (see Turcotte and Schubert, 1982, p.151) so thermal equilibrium is likely to be attained in 
10 Ma or less, even if the sedimentation rate is greater than 1 km/Ma. Rapid argon loss is 
expected to take place above about 240°C (Fig. 3-27). If the 3.6 km of additional sediment 
were deposited over 14-15 Ma at a rate of 250m/Ma, then thermal equilibrium would be 
expected at 335 Ma if not before (Fig. 3-28). An episodic loss of 50-60% argon is, thus, 
readily accounted for at site A ril by burial under synorogenic sediments.
Extension leading to crustal thinning is an unlikely cause of the thermal pulse. In 
particular, the low CAI value of 1.0 for conodonts in the Pacoota Sandstone indicates a long 
term geothermal gradient of 25°C/km or less. Such a temperature gradient is difficult to 
reconcile with large-scale extension during development of the Amadeus Basin in the 
Ordovician. Furthermore, CAI values of less than 1.0 in clasts of Pacoota Sandstone in the 
Brewer Conglomerate imply temperatures of less than 50°C (R. Nicoll, BMR, pers. comm., 
1987). This is taken to indicate geothermal gradients did not exceed about 33°C/km after 
deposition of the Larapinta Group, and before erosion and deposition of the Pertnjara Group 
when the total section above the probable conodont source was about 1.5 km.
Other potential contributors to the thermal pulse are shear heating and the advection of 
hot fluids in and/or below the shear zones. These are unlikely as explanations for the main 
thermal pulse because it was very widespread, being recorded in every sample except possibly 
Ar5 which may have been deeper seated. Moreover, the sampling was specifically designed to 
avoid shear zones where processes such as shear heating and the advection of hot fluid may 
occur, except for those specially selected samples.
The thermal pulse recorded regionally by argon loss in the other K-feldspars is 
sufficiently similar to that of specimen Arl 1 to suggest they also experienced a relatively rapid 
burial-exhumation cycle as a result of thrusting. During reverse faulting heat would be 
transferred from the hot uplifted block to the cooler lower block, causing the lower plate to heat
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and the upper plate to cool. One dimensional thermal modelling (England and Thompson, 
1984; Chamberlain & England, 1985) and regional petrological studies (Silverstone, 1985) 
suggest that these thermal perturbations should relax in 107 yr. Thermal equilibrium is attained 
in a similar time to that of sample Arl 1 buried beneath sediment, but the K-feldspars overthrust 
by adjacent crustal blocks would become hotter earlier. Consequently, over the 50 Ma time 
frame considered here, the maximum temperatures experienced by the specimens will depend 
primarily on the depth of burial.
3.5.5.5 What Caused the Cessation of the Thermal Pulse?
Uplift at site A ril is clearly related to the tectonic development of the Amadeus 
Homocline as the sample is now at the surface immediately alongside a 6 km sedimentary 
column. Vertical uplift of 8 km due to rotation accompanying faulting and tilting is indicated by 
the geometry of the homocline.
Tectonic uplift is also consistent with the inferred cooling rate. A 160°C drop in 
temperature over a period of 50-60 Ma is indicated from the time of rapid reduction in the rate 
of argon loss (estimated at 310 Ma at a temperature of about 240-250°C) to the time of 
establishment of the 260 Ma apatite fission track age (260 Ma at a closure temperature of 
120°C±10°C; see Fig. 3-27,Tables 3-18 and 3-16). Such a cooling rate of 2-3°C/Ma is 
comparable to the tectonic rate deduced for cooling during uplift of the granulite terrane (i.e. 
10°C/Ma).
Differences in the K-feldspar spectra also point to a faulting model. The age for the 
uplift at Ar5 in the northern terrane is significantly older than the minimum intercept age for the 
K-feldspar spectra from sites in the southern terrane (e.g. Ar8, ArlO, A ril) (Fig. 3-19). This 
is taken to indicate that the final faulting south of the RDZ continued later than movement on the 
RDZ. The youngest minimum intercept age of 300 Ma at site Ar8 is expected because this was 
the most deeply buried site overthrust along the RDZ by an initially relative hot granulite slab. 
Intermediate K-Ar ages of 515±4 Ma (site Ar6), 535 Ma (Site Ar4) and 679 Ma (site Ar7) 
within the granulite slab may record uplift from within the temperature window for partial argon
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loss, implying that the K-feldspar closure temperature was not exceeded, as appears to be the 
case at the most deeply buried site (Ar5).
The simplest model fault movements which are consistent with 40Ar/39Ar data is that 
movement on the RDZ occurred before that on the AH and ON and produce cumulative uplift 
in a piggy-back fashion (see discussion below).
3.5.5.6. Temperatureitime Models for the Thermal Pulse
Three schematic models for the thermal pulse at site A ril are shown in Figure 3-29 
based on differing rates of sedimentation, assuming a geothermal gradient of 25°C/km and a 
332°C closure temperature for K-feldspar. The model shows that the thermal peak is 
consistent with reasonable amounts of overburden. If the 332°C closure temperature is an 
overestimate, as the behaviour of micas at the same site suggests, then even less overburden is 
required.
The additional overburden required at site A ril was probably synorogenic sediment, 
but at the other sites the overburden is probably caused by overthrust blocks. Overthrusting of a 
hot slab will cause the underlying slab to heat up more quickly than in the case of cold sediment 
overburden. However, in both cases, an equilibrium temperature can be expected in about 10 
Ma (England and Thompson, 1984; Chamberlain and England, 1985).
3.5.6 Uplift History
3.5.6.1 Constraints on Uplift History
From the geological constraints, and the fact that the micas at site Arl 1 do not show 
argon loss, it is apparent that the thermal pulse acted on a large time scale of 50 to 100 Ma. 
Modelling of one sample from the northern margin of the Amadeus Basin shows that the 
40Ar/^9Ar data are consistent with the equivalent of a square thermal pulse (T=283°C) acting 
for 50 Ma. The modelling is semi-quantitative, because the actual pooling of diffusion 
parameters is tentative, because individual K-feldspars are expected to retain argon to differing 
degrees. Owing to the problem of extrapolation back to minimum intercept ages, the times of
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cut off for significant 40Ar loss are rather poorly constrained to between 300 and 350 Ma. The 
sample at Ar5 is an exception. The spectrum of K-feldspar from Ar 5 could be explained by 
relatively slow cooling during gradual uplift from 400-410 Ma to about 340 Ma at a slow 
cooling rate of l°C/Ma. A less likely possibility is that the Ar spectrum represents almost 
complete isotopic resetting. Initial slow uplift starting at ~ 400 Ma is consistent with patterns 
of sedimentation in the Amadeus Basin (see Chapter 4), and with the Rb-Sr total rock data 
which indicates mylonitisation in the RDZ occurred at 400-350 Ma. Schematic plots of the Tt 
history for specimens north and south of the RDZ are shown in Figure 3-30 together with 
inferred time-depth plots assuming a geothermal gradient of 25°C/km and equilibrium thermal 
conditions. In the case of the sample (Arl 1) south of the RDZ, rapid cooling after the earlier 
Ormiston Thermal event is followed by along period of relative cooling during deposition of 
much of the Amadeus Basin. Only during the Alice Springs Orogeny were samples heated as a 
result of deep buriial and then cooled due to uplift. In contrast, the sample (Ar5) north of the 
RDZ appears to have undergone two periods of moderately rapid uplift and cooling.
3.5.6.2 Tentative Model for Uplift History
Assuming that the thermal pulses recorded at most of the other sites are of similar origin 
to that at site Arl 1, a tentative uplift history for the intracratonic thrust belt can be deduced, 
assuming also that the minimum intercepts on the 40Ar/39Ar spectra of K-feldspars will 
approximate the time of final uplift. If the start of the thermal pulse occurs at the 
commencement of synorogenic deposition in the Amadeus Basin, then the time of peak 
temperatures can be roughly estimated as the mid-point between initiation of the pulse and the 
time that rapid argon loss ceased (Fig. 3-29). Because all specimens, with the exception of 
Ar5, were uplifted from within a restricted 50-70°C range (see Fig.3-27) they may have been 
buried to similar depths since they were subject to similar thermal Tt pulses lasting about 50 
Ma. Assuming 1) a square Tt pulse, 2) a geothermal gradient of 25°C/Km, 3) that the Tt pulses 
were of similar time-span and 4) that temperatures exceeded 250°C to cause in excess of 50% 
40Ar loss then it can be speculated that the samples were buried to and then uplifted from 
roughly similar depths of the order of 10 km. Even if the K-feldspar closure temperature is
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overestimated, most of the specimens (except for site Ar5) may have been uplifted from 
roughly similar depths.
Uplift of the granulite terrane on the RDZ is inferred to be earlier than faults to the south 
(ON and AH) starting in the Early Devonian (ca. 400 Ma) and continuing into the earliest 
Carboniferous (ca. 340 Ma). Uplift of the granulite block became sufficiently rapid in the Late 
Devonian to result in the deposition of synorogenic sandstones and conglomerates (from about 
370 Ma). Younger minimum intercept ages for K-feldspars in rocks from in the southern 
terrane suggest that there uplift continued into Middle to Late Carboniferous and significantly 
outlasted uplift of the granulite terrane. Uplift was probably mainly related to the movement on 
the Ormiston thrust zone (ON), and the Amadeus Homocline (AH). The rocks at the AH 
cooled to about 100-110°C by about 260Ma (based on apatite fission-track result). This is 
interpreted to indicate that moderately rapid uplift continued there possibly until about 260 Ma.
A tentative model for the evolution of the thrust belt, which explains the thermal pulse 
(Table 23), is as follows. Uplift of the northern granulite terrane on the RDZ occurred from 
about 370 to 340 Ma and caused this overthrust block to flex and tilt downwards to the north at 
the same time as uplift occurred in the south (Fig. 3-31). The uplift and tilting produced 
subsidence in the northern part of the northern (granulite) terrane (south of the present-day 
Ngalia Basin) already buried during a previous phase of intracratonic basin formation. 
Continued uplift of the granulite terrane caused eventual exhumation of the basement over the 
region between the Amadeus and Ngalia basins (Fig. 3.31). Subsidence occurred concurrently 
in the crustal block at the northern margin of the Amadeus Basin, causing heating of the buried 
basement samples there (Aril). The intervening granitic terrane between the Amadeus Basin 
and the RDZ was rotated and tilted southwards. As crustal shortening proceeded, the granulite 
terrane was thrust over the southern granitic terrane. The underlying granitic terrane was heated 
owing to the combined effect of increased cover and because of heat transfer from the hotter 
overthrust crustal block. The southern granitic terrane was progressively uplifted as the crust 
shortened as a result of bulk inhomogeneous strain. Eventually, thrusts (e.g. ON) and a zone 
of reverse faults (AH) developed in the arched zone resulting in exhumation of the previously 
buried granitic terrane (Fig. 3-31). This uplift terminated the thermal pulse recorded in the
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basement samples of the southern granitic terrane at about 300-320 Ma. Moderate uplift 
continued there until possibly 260 Ma or later.
3.5.6.3 Summary
The discordance of the 40Ar/^Ar age spectra imply a thermal pulse which appears to 
record a maximum burial during crustal thickening within the thrust belt.
Argon-loss data suggest progressive burial then uplift during overthrusting at 300-400 
Ma may have been of the order of 10 km or more for each thrusted block.
The 40Ar/39Ar data suggest that the earliest movements on the RDZ, causing uplift of 
the northern granulite terrane, occurred at about 400 to 340 Ma. Movement on the more 
southerly faults (ON and AH) continued until about 300 Ma.
The total uplift of the northern terrane is speculated to be of the order of 30 km 
assuming progressive uplift in a 'piggy back' fashion (see Fig. 3-31) such that the total uplift is 
equal to the sum of the uplift on each of the fault zones (RDZ, ON and AH).
It is important to note that the 40Ar/39Ar geochronology constrains the temperature-time 
history. Fractional loss of 40Ar is a function of both time and temperature, and loss can occur 
at virtually any temperature given sufficient time. Before a maximum pulse temperature can be 
suggested the time span of the thermal pulse must be estimated. Also, to translate temperature 
into a depth of burial requires a knowledge of the evolving geothermal gradient.
3.6 Constraints on the time of formation of the main crustal structure
There is no indication in either the Rb-Sr or 40Ar/39Ar data of significant basement uplift 
between 900 Ma and 400 Ma. Most of the uplift during development of the Amadeus Basin 
occurred between 400 Ma and 320 Ma, before the final stage of relaxation and cooling started. 
It is likely that the main crustal structure north of the Amadeus Basin was formed either before 
initiation of the basin or in the final stages of basin formation. Minor basement uplift during 
development of the Amadeus Basin cannot be excluded.
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3.7 Summary of basement structure and uplift history and its relevance to basin 
formation
The Rb-Sr and 40Ar/39Ar results both indicate that the bulk of uplift north of the 
Amadeus Basin took place either before deposition in the basin commenced or in the closing 
stages of basin formation. Contractile models are an unlikely explanation for a substantial part 
of the subsidence in the basin as they require uplift in the adjacent hinterland to be of a similar 
magnitude to the subsidence. Semi-quantitative modelling of the argon loss that occurred over 
a wide region during the Alice Springs Orogeny is consistent with uplift following a phase of 
crustal shortening and burial, and with uplift possibly of the order of 10 km on each of the main 
structures (RDZ, ON and AH). To account for the total crustal shortening of 40-60 km 
interpreted from the geophysical model of the crustal structure (see Chapter 2), implies that 
some of this shortening may have occurred before the onset of deposition in the Amadeus Basin 
at about 900 Ma. It is worth noting that in the Musgrave Block at the southern margin of the 
Amadeus Basin, granulites had been uplifted to the surface before deposition of the Bentley 
Supergroup at about 1060 Ma (Compston and Nesbitt, 1967; Daniels, 1974; Mathur and Shaw, 
1982). Much of this uplift of the Arunta Block north of the RDZ may have taken place at about 
1400-1500 Ma when the Type 1 gneissic mylonites appear to have been formed (Sections 3.1 
to 3.4). Widespread uplift at about 1400-1500 Ma is consistent with one hornblende 40Ar/39Ar 
spectrum from the granulite terrane and with K-Ar ages from the northern Arunta Block 
(Hurley et al., 1961).
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CHAPTER 4
BASIN DEVELOPMENT 
IN
CENTRAL AUSTRALIA
4.0 BASIN DEVELOPMENT IN CENTRAL AUSTRALIA
4.1 Subsidence History 
4.1.1. Introduction
An examination of the regional subsidence history for the central Australian basins 
using time-thickness bar diagrams and subsidence curves (Figs. 4-1, 4-2, 4-3 and 4-4) shows 
that all these basins have very similar depositional histories. Distinct sequences separated by 
unconformities are common to the Amadeus, Georgina and Ngalia basins (Preiss and Forbes, 
1981; Walter, 1981; Shergold et al, 1985; Wells and Moss, 1983; Jackson and Van de 
Graaff, 1981). Correlation of units between the basins, adopted in the present study, are 
summarised in Tables 4-3 and 4-4. The emphasis here is on the northern margin of the 
Amadeus Basin (Tables 4-1 and 4-2) which provides an excellent time/tectonic reference 
frame, partly because of its central position and partly because the sequence there is better 
known than in the other central Australian basins. It is also possible there to examine the 
relationship between basin subsidence and uplift of the adjoining basement through Rb-Sr and 
40Ar/39Ar studies (Chapter 3, Shaw and Black, in press; Shaw, Zeitler and McDougall, in 
prep.).
Although the northern Amadeus Basin is better represented by wells compared with the 
other basins (Fig. 4-5), no one well penetrates the entire sequence, but because of folding and 
erosion, sections measured at the surface can be used to supplement well data and contoured 
isopachs for units in the basin are given by Wells et al. (1970). Stratigraphic data based on 
several wells can also be combined to facilitate comparison between the basins for the most 
complete and best documented parts of the section (Fig. 4-6 and Table 4-1). For example, 
sequences 4 and 5 are best developed in the southeast (Ooraminna 1 and Dingo 1) whereas 
sequences 6, 7, 8, and 9 are better developed in the northeast (Waterhouse 1 and Tyler 1). The 
stratigraphic column for sequences 1 and 2 and parts of sequence 2 and 3 are derived from 
exposed strata in the upturned northern margin. The unit thickness are not biased by the
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thickening or thinning of units over anticlines. The overall subsidence pattern that emerges is 
not strongly dependent on the choice of wells which are distributed lengthwise along the basin 
where thicknesses vary gradually (Wells et al, 1970). A limitation of the composite 
stratigraphic section chosen is that sequences 2 and 3 reach their maximum development in the 
southern part of the Amadeus Basin where there is little well control.
4.1.2 Stratigraphic Outline of the Northern Amadeus Basin
The subsidence history at the northern margin of the Amadeus Basin is notably 
episodic and can be divided into nine sequences separated by unconformities. Additional 
stratigraphic data on the formations which make up the nine sequences are given in Table 4-2. 
Each sequence is lithologically distinct with a different subsidence history. Because episodic 
subsidence history implies episodic basin forming mechanisms, the subsidence history will be 
examined in some detail.
4.1.2.1 Depositional Sequences
The depositional sequences are made up of various combinations of four broad facies
types.
1) About 40% of the preserved total sequence is made up of carbonates and mudrocks, and 
roughly 25 % of the total belongs to sequence 5 and the upper part of sequence 1 which 
also contain evaporites. Sequence 1 includes basalts which are restricted in their distribution 
to isolated localities in the northwestern part of the basin and one locality in the central 
southern part of the basin.
2) Sequences 6, parts of sequences 7 and 8, and the early part of sequence 1 are dominated by 
clean, marine sandstone with subordinate to minor interleaved fluviatile sandstone. These 
sandstones account for about 25% of the total preserved sequence.
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3) Sequences 2 and 3 are characterised by glaciogenic sediments. They account for about 
20% of the total sequence, but are dominated in their upper part by thick mudrock units 
containing minor carbonate (included in category 1 above). Diamictites near the base of the 
sequences include clasts from the basement as well as underlying units, indicating 
simultaneous uplift and erosion of basement during deposition.
4) Sequences 4 and 9 show evidence of derivation from a proximal basement source region. 
They make up at least 20% of the total sequence. Sequence 4 is dominated by red 
feldspathic, deltaic and fluviatile sandstones. Sequence 9 is molasse-like in facies and 
coarsens upwards on a large scale. It records inversion of the sequence north of the basin 
and substantial basement erosion, which is indicated by clast type.
A distinctive feature of the northern Amadeus Basin is the general lack of rapid lateral 
changes in facies or thickness (Wells et al, 1970), except for both rapid north-south facies 
changes in the final sequence (sequence 9, Pertnjara Group), and for regional east-west facies 
changes in sequence 5 (upper Pertaoorta Group). Most of the units exhibit 'layer-cake' 
stratigraphy and thin gradually southwards to small or zero thicknesses from their maximum 
values listed in Table 4-2. Sequence 5 differs from other sequences in this respect and shows a 
gradual change from red, proximal sandstones in the far west of the basin to shallow marine 
carbonates and mudrocks in the east of the basin. In the upper part of sequence 9 a gradual 
fining of sediments occurs away from the actively rising basement north of the basin (Jones, 
1972). Diamictites in the glaciogenic units at the base of sequences 2 and 3 are concentrated 
towards the basin margin. In all cases where facies changes occur, including sequence 5, they 
show a distinct polarity (i.e. there is a gradual north-south change in facies) and are much more 
gradual than those normally associated with rift tectonics.
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4.1.3 Subsidence Plots
4.1.3.1 Method of Calculation
Figure 4-3 shows the subsidence history for the composite stratigraphic section 
portrayed in Figure 4-6 and its relationship to the individual sequences and the more substantial 
breaks in sedimentation. Also shown is the relationship to various events inside and outside the 
basin. The relative subsidence rates for uncorrected sediment accumulation using raw 
time/thickness data are substantially the same as the rates after decompaction. Also shown is the 
tectonic subsidence of the basement after removal of the load due to the progressive addition of 
sediment (i.e. backstripping) assuming constant local isostatic balance. For compressional 
episodes and where the isostatic forces are regionally compensated, the component of tectonic 
subsidence will be underestimated. Nevertheless, the tectonic subsidence will generally show 
the same pattem of change to that of the decompacted sediments to which it is generally linearly 
related. It is the pattern of subsidence, not the absolute tectonic subsidence, that we are 
primarily concerned with here.
Sediment decompaction is calculated using the method of Bond and Kominz (1984) and 
assumes porosity varies with lithology and exponentially with depth as shown in Figure 4-7. 
A 2 km sandstone overburden is assumed to have overlain the youngest preserved sediments 
which are Late Devonian conglomerates and sandstones. Finally, the progressive tectonic 
subsidence of the basement is calculated relative to present day sea level by removing the 
loading effect of sediment for each time step. The method used is a modification of the 
approach applied by Sleep (1971), later refined by Sclater and Christie (1980), and further 
refined by Bond and Kominz (1984). The effects of sea-level changes are not treated both 
because they are poorly known and because the sediments are of fluvial, lacustrine or shallow 
marine facies. The subsidence cannot be caused by changes in sea level because the 
stratigraphic thicknesses are too great. Shallow marine sediments are assumed to be deposited 
at sea level and to displace water whereas terrestrial sediments more effectively enhance the 
sediment load.
4.1.3.2 Time control
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Harland et al's (1982) time-scale is used for the Palaeozoic with the exception that the 
Cambrian/Precambrian boundary is placed at 605 Ma, in accordance with the approximate age 
of the boundary in the proposed stratotype section in China (constrained by Rb-Sr diagenetic 
ages to be in the range 605+15 Ma or 610+15 Ma, depending on which stratotype is chosen - 
Zichao et al, 1984). Cambrian time divisions are adjusted proportionately to fit the Harland et 
al. (1982) time scale. One of the principal difficulties in constructing meaningful subsidence 
curves is a lack of reliable time control and wide disagreement is apparent at the bases of the 
Carboniferous, the Ordovician and the Cambrian. Time scales are undergoing constant revision 
and their absolute accuracy may be no better than +5-10 Ma for the Phanerozoic (cf Snelling et 
al, 1985), although relative errors between time units are generally considerably less. Time 
boundaries for Palaeozoic biostratigraphic units used here are listed in Table 4-2.
Age control in the Late Proterozoic is particularly meagre. Deposition in the Amadeus 
Basin started with the Heavitree Quartzite some time after emplacement of the Stuart Dyke 
Swarm at about 900 Ma (Black et al, 1980). The tentative time picks adopted are derived using 
the stratigraphic correlations given in Table 4-3 and the time-thickness plot shown in Figure 4-1 
for the central Australian basins and the Adelaide Geosyncline. The adopted time control is 
model dependant and based on the following assumptions.
1) The two glacial episodes recognised in the Late Proterozoic in Australia are roughly 
coeval and occurred at about 670-680 Ma and 750 Ma or slightly earlier as argued by Priess 
and Forbes (1981).
2) A simple denudation model (England and Richardson, 1980) is applicable. Such a 
model would predict that erosion of basement topography in excess of 1 km, indicated by the 
reconstructed stratigraphy of derived clasts, may take of the order of 20 Ma or more. Heavitree 
Quartzite and Bitter Springs Formation are therefore considered older than 770 Ma. This 
estimate for the erosional time break assumes that a) denudation rates are exponentially 
proportional to height, b) that no isostatic rebound occurs during erosion, c) that an erosional 
time constant of 50 Ma is both reasonable and conservative, and that the initial topography was 
no more than 2/3 greater than the eroded interval. The erosional time constant is the time taken 
to reduce topography by 1/e of its initial value.
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3) Sedimentation in the Adelaide Geosyncline and the Amadeus Basin started at 
roughly the same time and correlateable units with similar facies and age accumulated at about 
the same time and about at similar rates.
Preserved thicknesses of Proterozoic units in the Adelaide Geosyncline are commonly 
two to three times greater than those of equivalent units in the central Australian basins. As a 
result of the time-thickness analysis one is left with the conclusion that large gaps in 
sedimentation occurred in the central Australian basins in the Proterozoic.
The time estimates for die late Proterozoic interval in the Amadeus Basin provide only a 
tentative guide to the subsidence history up to the start of the Cambrian. They rely on the broad 
synchroneity of the two late Proterozoic glacial intervals (Preiss and Forbes, 1981), recognition 
of the biostratigraphic significance of the proposed Ediacarian Period (Glaessner, 1983), and 
the continuity of facies changes indicating progressive, probably somewhat diachronous, 
continent-wide transgressions and regressions. The great thickness of the similar, roughly 
coeval units in the Adelaide Geosyncline, compared with their counterparts in the central 
Australian basins, indicates that the central Australian sequences are incomplete. Irrespective of 
the length of the time of the erosional breaks adopted it can be seen that subsidence is episodic. 
Although changes in the time picks for individual units will tend to cause the subsidence curves 
to shorten or lengthen along the time axis, the overall shape of the curves is likely to be 
preserved.
A particular problem in the Palaeozoic is the poorly constrained age of sequence 8 
(Mereenie Sandstone) which lacks fossils. The estimated time of deposition for this interval is 
about 30 Ma, and is based on the denudation model outlined above. A conformable basal 
contact is purported to occur in the west of the basin, but a 1300 m section is missing at the 
base of sequence 8 in the east (near Alice Springs, see Shaw and Wells, 1983). This 1300 m of 
missing section was probably removed during the Rodingan Movement which affected the 
region before deposition commenced. The Rodingan Movement is correlated with the 
Benambran Orogeny which affected much of Australia in the latest Ordovician and early 
Silurian (Table 4-5). The hinterland would be expected to have eroded slowly, in keeping with 
slow simultaneous deposition. It is estimated by modelling simultaneous erosion and
deposition that accumulation of the 350 m of sediment preserved in the central and eastern parts 
of the basin would require of the order of 30 Ma if it were derived from a nearby basement of 
low relief. Slow simultaneous deposition and erosion of the sequence are in keeping with the 
cleanness of its quartz sands of mixed aeolian, fluviatile and shallow-marine facies, and 
suggest extensive winnowing and slow sedimentation. As the sequence lacks immature 
sediment it can be assumed that the nearby hinterland lacked significant topography. On this 
basis, the time interval for deposition of the Mereenie Sandstone is crudely estimated to be of 
the order of 30 Ma.
4.1.3.3 Episodic Nature of Subsidence
The subsidence history shows an overall trend of increasing subsidence with time, 
within which there are episodic changes in the rate of subsidence (Fig. 4-3). The episodic 
subsidence is widespread, being evident also in the Georgina and Ngalia basins as illustrated in 
Figure 4-4 and by the time-thickness bar diagrams (Figs 4-1 and 4-2). The widespread nature 
of the episodic subsidence history implies that the driving mechanisms are regional and 
episodic. The mechanisms either had a limited life span or were interrupted by changes in 
mechanism. Periods of rapid subsidence could equally well be produced by repeated periods of 
either compression or extension or by alternating periods of extension and compression or 
other driving forces, such as thermal expansion and contraction of the lithosphere. Time control 
is insufficient in most cases to differentiate between a concave-downwards subsidence curve 
for each episode indicative of continuous compression and a concave-upwards curve (i.e. a 
progressively decreasing subsidence rate) suggestive of extension followed by a cooling and 
thermally thickening lithosphere. However, irrespective of time control restrictions, the 
subsidence curves show that a complex sequence of subsidence episodes occurred in the 
northern Amadeus Basin. The pattern of subsidence is neither consistent with a history of a 
progressive increase in subsidence in Palaeozoic time as deduced by Lambeck (1983, 1984) 
from the Wells et al. (1970) isopach maps of the Amadeus sequences, nor with the two long 
periods of decreasing subsidence followed by a period of increasing subsidence as claimed by 
Lindsay and Korsch (in press) and Korsh and Lindsay (in press).
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4.1.3.4 Correlation o f subsidence and erosional breaks with tectonic events.
The onset of subsidence in the Amadeus Basin is preceded by two magmatic events: 1) 
widespread dolerite dyke emplacement which occurred at about 900 Ma (Black et al, 1980); and 
2) acid and basic volcanism of unknown age preserved in a small lensoid body which overlies 
basement and is overlain by sequence 1 in the northwest comer of the basin (in the Kintor 
Range, Wells et al, 1970; Mutton et al, 1983). More basic volcanism of uncertain extent is 
recorded in the northwest and central-south of the basin in the later stages of the first episode of 
subsidence (Wells et al, 1970; Wyatt, 1983). Apart from these examples the northern Amadeus 
Basin is remarkably devoid of volcanism.
Extensive basaltic volcanism occurred in the Early Cambrian at the periphery of the 
central Australian basins at the same time as deposition of the late stages of sequence 4, and 
extended into the next period of deposition (Shergold et al, 1985). Basic volcanics underlie 
units in the Georgina Basin that are the time equivalents of lithologically similar units in the 
Amadeus Basin. The volcanism occurred just before the most sustained period of rapid 
subsidence in the Amadeus Basin and the same rapid subsidence occurred in the Georgina 
Basin (see Fig. 4-4).
During the early stages of deposition of sequences 2 and 3 (e.g. Areyonga and Olympic 
Formations) basement uplift was synchronous with subsidence because basement-derived 
clasts are preserved in the sediments. Phases of erosion may be related to glacial advances and 
retreats. The rapid increase in subsidence in the oldest preserved part of sequence 9 correlates 
with syndepositional basement overthrusting giving rise to units containing abundant 
basement-derived clasts (Wells et al, 1970). Emplacement of pegmatite dykes in the basement 
between the Amadeus and Georgina basins (Harts Range region) at 520 Ma and 320 Ma 
(Cooper et al, 1985; Mortimer et al, 1987; Black in Shaw et al, 1984) corresponds to periods of 
probable uplift preceding sequence 6 and during sequence 9, respectively (Chapter 3; Shergold 
et al, 1985; Shaw, Zeitler and McDougall in prep.). Emplacement of the Mud Tank Carbonatite 
at about 730 Ma may correspond to a period of stress relaxation and rebound in the final stages 
of sequence 2 glaciogenic sedimentation.
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Within the limits of the poor time control for the region, a reasonably consistent 
correlation exists between major gaps in sedimentation in the Amadeus Basin and similar gaps 
in the neighbouring basins and also with major tectonic events elsewhere on the continent (Figs 
4-1 and 4-2, and Tables 4-3 and 4-4). These time gaps are generally regarded as periods of 
uplift and erosion. The details of these uplift movements in central Australia and their 
correlation with tectonic events elsewhere are summarised in Table 4-5.
These correlations raise several questions. Does the basaltic volcanism point to a 
periodic extensional basin-forming mechanism for the central Australian basins? Does basement 
uplift concurrent with sedimentation point to contractile basin-forming mechanisms for 
particular periods? Are the widespread regional uplifts separating periods of subsidence related 
to increased in-plane compressive stresses that terminate periods of subsidence? These 
questions are discussed in the next and subsequent sections.
4.2 The central Australian basins and their continent-wide setting
4.2.1 General Approach
In order to understand the nature of basin-forming mechanisms it is useful to clarify the 
changing basin shapes (in plane view) in the Amadeus Basin and compare them with the 
changing shapes in the Ngalia and Georgina basins, since they may all have been affected by 
the same tectonic driving forces. The basins are shown to be closely related during some 
periods, such as during the Cambrian, and less related during others. These reconstructions 
are shown in Figures 4-8,4-9, 4-10 and 4-11. The two most useful parameters for monitoring 
changing basin shape are (1) the location of sub-basin depocentres, and (2) the width of the 
original basin or sub-basin. Basin widths are documented in terms of half-widths because 
these are more directly related to lithospheric parameters such as effective elastic thickness, 
used in subsequent modelling (see Fig. 5-2). Where a depositional link exists between the 
basins, the prevailing subsidence mechanism should be able to explain the similarities and 
differences between them.
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As the tectonic driving forces may be operating on an even larger scale, the subsidence 
and uplift history in the central Australian basins for each episode is compared with the 
subsidence and uplift history for the Australian craton as a whole. There are good reasons for 
doing this. Stresses controlling sedimentation in intracratonic basins may originate at 
lithospheric plate boundaries due to the tectonic forces there and be transmitted across the 
craton using the lithosphere as a stress guide (e.g. Richardson et al, 1979; Lambeck, 1983; De 
Rito et al, 1983; Cloetingh and Wortel, 1985 ; Lambeck et al, in press b)). Major 
displacements at the plate margin may also affect basin development well inboard of the 
margin.
For these reasons the literature is briefly reviewed to see to what extent sedimentation in 
the Australian basins is synchronous with sedimentation elsewhere on the continent and to 
determine the relationship of sedimentation to continent-wide tectonism. Particular attention is 
paid to the synchroneity and extent of erosional breaks and their relationship to continent-wide 
tectonism. If the driving forces for basin formation are on the scale of the craton then widely 
spaced basins will show synchronous development.
The evolving patterns of sedimentation for the Proterozoic are illustrated on the scale of 
the continent in Figures 4-12, 4-13, 4-14 and 4-15. A major change in the continent-wide 
pattern of sedimentation starts in the latest Proterozoic and is most apparent in the Early and 
Middle Cambrian (Fig. 4-16). The changing limits of deposition from the end of the Cambrian 
to the Early Carboniferous are illustrated by a series of palaeogeographic sketches (Figs. 4-17 
and 4-18), the combined legend for which is given in Figure 4-17.
The changing shapes of the central Australian basin and their setting within the 
Australian plate as a whole are examined for each subsidence interval recognised at the northern 
margin of the Amadeus Basin. Each interval started with a break in sedimentation which itself 
signaled a change in the magnitude, sign or nature of the large-scale driving forces. The set of 
forces that produce the breaks in sedimentation may not have been the same as those that 
produce subsidence. The age ranges given for the depositional intervals are approximate and 
are poorly constrained, particularly in the Proterozoic. Nevertheless, tectonostratigraphic 
processes are recognised on the scale of the Australian craton.
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4.2.2 Pre-Amadeus Basin Depositional Episode: 1150 to 900 Ma
Widespread intracratonic deposition, beginning with the Heavitree Quartzite, was 
preceded by a prolonged period of thermal tectonism which is recognised from two events. 
The first thermal episode, which was between roughly 1150 and 1000 Ma, involved extensive 
acid and basic volcanism and minor sedimentation and was restricted to the western margin of 
the Musgrave region (Fig. 4-12). The second thermal episode took place from 1000 Ma to 
900 Ma, and possibly continued to 800 Ma, and involved the emplacement of widespread dyke 
swarms (Parker et al, 1985).
The first interval of volcanism and sedimentation, portrayed in Figure 4-12, has several 
noteworthy features:
1) It closely followed a major thermal event at 1100-1150 Ma involving widespread 
granite generation in the Musgrave and southern Arunta Block (Webb, 1985; Shaw et al,1984; 
Shaw and Black, in press);
2) Acid and basic volcanics suggest extensional tectonism at the western end of the 
Musgrave Block (e.g. the Tollu Volcanics of the Bentley Supergroup dated at about 1060 Ma; 
Compston and Nesbitt, 1967; Daniels, 1974), and in the Adelaide Geosyncline (Rutland et al, 
1981 see Fig. 4-12). Acid and basic volcanics in the Kintor Range in the western Arunta 
Block and the Mount Harris Basalt (Wells et al, 1970) may also belong to this period (Shaw et 
al, 1984).
3) The basins of deposition are located on sites of older mobile belts suggesting control 
by pre-existing structures;
4) The greatest concentration of volcanism is at the intersection of these mobile belts 
with major cross-cutting gravity features (Mathur and Shaw, 1982).
The combined 1100 to 800 Ma period saw a greater number of dyke swarms than 
perhaps any other period (Parker et al, 1985). An abundance of dyke swarms itself is 
suggestive of a minor spreading event (cf Fahrig et al, 1986). Emplacement of the north­
trending Stuart Dyke Swarm at 900 Ma (Black et al, 1980 ) preceded deposition of the 
Heavitree Quartzite along the northern margin of the Amadeus Basin. East-west dykes of the
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same apparent age occur to the west and east. Many of the ubiquitous basic dykes in the 
Musgrave Block may represent a continuation of the volcanism of the Bentley Supergroup and 
may be slightly older or of a similar age, as are dykes of similar trend in the Kimba/Wudinna 
region of the Eyre Peninsula (Parker et al, 1985). Intrusion of dolerites in the southern 
Bangemall Basin is placed at about 1050 Ma (Preiss et al, 1975). The widespread dyke 
emplacement points to a major thermal anomaly, unrelated to the 1150-1000 Ma extensional 
episode, preceding the initiation of sedimentation in the Amadeus Basin. The dyke 
emplacememt signals a second phase of mild regional extension probably during uplift and 
erosion of the Arunta Block (Arunta Movement) following, and separated in time from, the 
1150-1000 Ma granite generation event (Ormiston Tectothermal Event).
4.2.3 First Depositional Interval: About 900 to 825 Ma 
(Heavitree Quartzite and Bitter Springs Formation)
Sedimentation in this interval was extensive and bears no relation to the presently 
preserved basins. Deposition commenced as shallow marine and fluviatile sand on an eroded 
Precambrian craton (Fig. 4-13). In the Amadeus Basin these sands are younger than and 
unconformably overlie the 900 Ma Stuart Dyke Swarm (Black et al. 1980). In the Adelaide 
Geosyncline equivalent sediments are younger than the 1080 Ma Beda Volcanics within the 
Callanna beds (Webb in Thomson, 1980).
Deposition between about 900 and 825 Ma extended over an area possibly as large as 1 
000 000 sq. km (Fig. 4-13), assuming widely held correlations between the Heavitree 
Quartzite and the Dean, Vaughan Springs, and Townsend Quartzites in the southern Amadeus 
Basin, Ngalia Basin and Officer basins respectively (Jackson and van de Graaff, 1981; Wells 
and Moss, 1983) as well as correlation with the Burra Group in the Adelaide Geosyncline 
(Preiss and Forbes, 1981), the Yackah beds in the southern Georgina Basin (Walter et al, 
1979), and the sandstone units in the Birrindudu Basin, principally the Denison beds, Lewis 
Range Sandstone, Muriel Range Sandstone and Munyu Sandstone (Blake et al, 1979). 
Inferred isopachs based on widely scattered unit thicknesses provide only a very cursory 
picture of the main centres of deposition. Published spot thickness data have been used to
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produce a sketch of contours for the thickness of sandstone units listed above assuming that the 
Heavitree Quartzite correlates with most of the basal units of the Burra Group (Fig. 4-13). A 
complex series of depocentres is suggested in the northwest Ngalia Basin and at the western 
periphery of the central Australian region, These depocentres appear to occur alongside 
northerly trending tectonic features shown in Figure 4-13 which are apparent in the Bouguer 
gravity map (BMR , 1976) and highlighted by Shaw et al. (1984). The tectonic features may 
represent syn-depositional fault zones. The continental component of the sands (Fenn Gap 
Conglomerate Member) is greatest near the Woolanga Lineaments ( Clarke, 1976; and pers. 
comm., 1985) and raises the possibility that these features may mark the margins of emergent 
regions.
The central Australian basins show little variations in facies and very gradual variations 
in thickness in this interval. Clarke (1976) recorded three periods of widespread marine 
transgression in the basal sand of sequence 1 (Heavitree Quartzite) in the northeastern Amadeus 
Basin representing minor uplifts which interrupted general overall subsidence. A different 
pattern is evident in the Adelaide Geosyncline where deposition of early prograding sands 
overlain by carbonates (Burra Group) was confined to a number of fault-bounded troughs 
(Preiss and Forbes, 1981) between the Stuart Shelf in the west and the Cumamona Cratonic 
Nucleus in the east (Rutland et al, 1981). The Torrens Hinge Zone (T in Fig. 4-13) forms the 
western margin of active subsidence over much of this period. Whereas sands in the central 
Australian basins are clean, indicating either deposition away from the source area or extensive 
winnowing, those in the Adelaide Geosyncline are feldspathic and possibly indicate a more 
proximal and different source containing more volcanics (e.g. Callanna beds).
In the Amadeus Basin, minor volcanism is indicated by spilites in the carbonate 
sequence (Bitter Springs Formation with an apparently restricted distribution) both at the 
northeastern margin (e.g. Ooraminna No. 1, Wells et al, 1970) and in the south-central part of 
the basin (Wyatt, 1983). Volcanics are unknown in the other basins. The volcanism in the 
Amadeus Basin need not necessarily mean extensional tectonism and may be due, for example, 
to wrench faulting.
Whereas the relatively narrow troughs of the Adelaide Geosyncline may fit a rift setting, 
the subsidence mechanism operating in the central Australian basins is less clear. The regional 
unconformity at the base of the sequence is consistent with simple thermal models such as 
proposed by Sleep (1971). Both the dyke swarms which precede subsidence and the lack of 
rapid facies and thickness changes across the basin are consistent with only minimal extension. 
Unfortunately, the early sequence in the central Australian region is poorly preserved, and a 
thorough analysis of basin-forming mechanisms is not possible.
4.2.4 Second Depositional Interval: About 825 to 705 Ma 
(Inindia beds, Areyonga Formation and Aralka Formation)
4.2.4.1 Basin Shape and Development
A dramatic change in the shape of the central Australian basins occurred with the onset 
of deposition of sequence 2. The Amadeus Basin became a distinct east-west basin for the first 
time. In this and the succeeding depositional interval subsidence appears to be related to 
basement uplift. The salient basin features in the Amadeus, Ngalia and Georgina basins for 
both the 825-705 Ma glaciogenic interval and the succeeding 705-630 Ma interval are shown in 
Figure 4-8. In these and subsequent reconstructions of basin shapes no attempt has been made 
to restore the final period of thrusting during the Alice Springs Orogeny. However, the 
position of these later thrusts is shown in the reconstructions.
In the Amadeus Basin three sub-basins are recognised (2A, 2B and 2C in inset to Fig.
4-8).
1) An east-west, southern sub-basin (2A) occupied by the Inindia beds
2) An east-west, shallow, sub-basin (2B) with no well defined depocentre in the central-north 
of the basin containing the Areyonga Formation
3) A poorly preserved sub-basin (2C) in the northwest of the basin also containing the 
Areyonga Formation.
Diamictite and conglomerate were deposited adjacent to zones of greatest uplift at the 
peripheries of the sub-basins. Marked and steady thickening occurred towards the presently- 
faulted southern margin of the southern sub-basin so its depositional limits are indefinite.
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However, sedimentary clasts and rare erratics of igneous rocks indicate a proximal source, 
possibly from the Musgrave Block. The southern basin margin may have been an active fault 
margin (2A). A local emergent source is also suggested in the far northwest (Boord and 
Carnegie Formations ; Wells et al, 1970). The northern sub-basin (2B) contained much less 
sediment and had a more restricted distribution. Local uplift of the Arunta basement is 
indicated at the central northern margin as the Areyonga Formation contains basement blocks 
up to 2 m across derived from the southern Arunta Block as well as boulders of acid 
porphyritic volcanics and boulders derived from sequence 1. About 2.5 km of uplift and 
erosion of the stratigraphic section down to the basement is indicated by the stratigraphically 
distinct clasts types. The third sub-basin (2C) developed at the far northwest margin of the 
Amadeus Basin, but its connection to the other basins was obscured by subsequent erosion. 
The depositional ridge (2 in Fig. 4-8) may represent either a peripheral bulge (cf Quinlan and 
Beaumont, 1984) or early activity on the Gardiner Fault (GT Fig. 4-8). The ridge is displaced 
from its original position due to movement on the Gardiner Fault.
In the Georgina Basin, sediment is preserved in isolated, narrow, en-echelon troughs 
which Walter et al. (1979) considered to be fault-controlled (Walabanba Basin (WB), Keepera 
Trough (KT), and Adam Trough (AT); Fig. 4-8).
In the Ngalia Basin, clast types indicate up to 2 km or more of erosion, from a local 
source presumably to the north of the basin (Wells and Moss, 1983). Here, much of sequence 
2 was removed by subsequent erosion preventing reconstruction of basin shape.
4.2.4.2 Continent-wide Setting
Sequence 2 (e.g. Areyonga and Aralka Formations and equivalents) was deposited 
during the first of the two late Proterozoic glacial episodes (Sturtian) when sedimentation 
extended across Australia from Tasmania to the Kimberleys (Plumb, 1979 ; Preiss and Forbes, 
1981). A palaeographic reconstruction for this episode is shown in Figure 4-14.
A marked unconformity at the base of the sequence in all regions indicates uplift and 
erosion preceding deposition (Fig. 4-1). In the Adelaide Geosyncline the basal units overlie a 
region of troughs and highs established in the previous depositional period (Rutland et al,
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1981). In the central Australian basins uplift and erosion established the Musgrave Block and 
possibly the Arunta Block as extensive basement highs possibly for the first time, as indicated 
by boulders of metamorphic basement in the glacials in the southern Amadeus and Officer 
Basins (Wells et al, 1970 ; Jackson and van de Graaff, 1981). The emergence of large 
basement regions in central Australia means that the area of sedimentation had contracted 
considerably over that of the previous episode. In the Ngalia Basin, 2 km or more of sediment 
was removed before the glacial unit (Naburula Formation) was deposited, in this case on 
basement (Wells and Moss, 1983; Burek and Wells, 1978). Similarly, 1.5 km of sediment 
was eroded to expose basement at the northern margin of the Amadeus Basin. In the 
Kimberley region the association of glaciogenic and fluviatlie units and their paleogeographic 
distribution suggest that the basal tillites (Fargoo and Langrigan Tillites) may represent 
mountain glaciation (Plumb et al, 1981). Considerable relief was produced at the margins of 
these Sturtian basins in the early stage of their development.
The general pattem of basin development for episode 2 was one of thick, relatively 
narrow basins, followed by a more widespread, roughly synchronous transgression, presumed 
to be due to widespread subsidence. In the Adelaide Geosyncline, subsidence was sufficient to 
allow accumulation of up to 6 km or more of glaciogenic sediments (e.g. Yudnamutana 
Subgroup, Rutland et al, 1981) in the main trough, whereas only 1 km or less was deposited 
on the Stuart Shelf. This indicates increasingly rapid subsidence across the Torrens Hinge 
Zone. Large vertical fault movements have also been documented in the north and east of the 
Geosyncline in the Mount Painter and Broken Hill areas (Rutland et al, 1981). During the 
transgressive phase, up to 3 km or more of younger units progressively onlapped the Gawler 
Craton to the west of the Torrens Hinge Zone throughout both the 825-705 Ma (Sturtian) and 
the 705-630 Ma (Marinoan) glacial periods. During the earlier glacial period a widespread 
marine transgression, typified by the Tapley Hill Formation, spread throughout the Adelaide 
Geosyncline, the Stuart Shelf, western New South Wales, and the eastern Officer Basin. An 
equivalent transgression is represented in the Amadeus Basin by the Aralka Formation (Preiss 
et al, 1978) and in the Ngalia Basin by the Rinkabeena Shale (Wells and Moss, 1983), and may 
be present as a thin unit in the south-central Georgina Basin (Walter et al, 1979). In the
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Georgina Basin, the 2.9 km thick Yardida Tillite was deposited in a northwest trending, fault- 
bounded trough in the period preceding the transgressive phase. In each case the amount of 
sediment accumulated during the widespread transgression was too great to be accounted for by 
a rise in sea level alone and widespread subsidence is indicated.
The Mud Tank Carbonatite in central Australia was probably intruded into a deep- 
seated, transcurrent feature at about 735 Ma (Shaw et al, 1984), possibly in response to 
transtensional faulting corresponding to the widespread subsidence late in depositional interval 
2 .
In summary, over the whole region, basin development in the second depositional 
interval was characterised by an early phase of deep, relatively narrow basins, followed by 
widespread, roughly synchronous and persistent transgression interpreted to imply widespread 
subsidence.
4.2.5 Third Depositional Interval: About 705 to 630 Ma 
(Winnall beds; Olympic, Pertatataka and Julie Formations)
4.2.5.1 Basin Shape and Development
The shapes of the sub-basins within the Amadeus, Ngalia, and the Georgina basins 
were very similar to those in the previous depositional interval (Fig. 4-8). Again a period of 
erosion preceded deposition in most basins (Fig. 4-1).
In the Amadeus Basin locally derived diamictite and conglomerate occurred alongside 
the Sir Federick Fault (SF) in the west, to the northeast of the preserved basin, and in the 
northerly trending Adam Trough (AT) in the Georgina Basin further to the east (SF and AT in 
Fig. 4-8). The depocentre in the northern Amadeus sub-basin (B) may have extended 
northwards towards the Redbank Deformed Zone (RZ in Fig. 4-8) as sediments in the central 
part of sub-basin B (Pioneer Sandstone = Olympic Formation correlate) are relatively clean, 
slightly feldspathic, tidal sands which lack basement and other clasts and show herringbone 
cross-beds. The depocentre in the southern sub-basin (A) probably extended further south than
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the faulted southern limit shown. A third sub-basin (C) developed in the northwest, but in a 
different position to that of depositional interval 2.
At the western edge of the Georgina Basin, largely fluvioglacial sediments accumulated 
in narrow, en-echelon, deep troughs (e.g. WB, KT, and AT in Fig. 4-8, Walter et al, 1979). 
A few of these troughs were controlled by steep faults. The en-echelon distribution of these 
troughs suggests their formation in an oblique-slip fault regime.
In the Ngalia Basin only a small segment of the lower glacial phase (Mount Doreen 
Formation) is preserved and most of the section was removed by subsequent erosion, during 
several orogenic periods including the final Palaeozoic orogeny.
A significant change in basin shape occurred with the major transgression which is 
represented by the Pertatataka Formation in the Amadeus Basin and by the Mopunga Group in 
the Georgina Basin. A minor erosional break preceded the transgression at least in the 
northeast Amadeus Basin (Freeman NTGS pers. comm., 1984 ). The change in basin shape is 
more marked in the Georgina Basin (Fig. 4-8) where the glaciogenic sediments occupying 
small northwest-trending basins were succeeded by the widespread sediments of the Mopunga 
Group. These sediments are fine-gained in the western Georgina Basin and show a gradual 
thickening and coarsening to the east, reaching a maximum in the Adam Trough (AT in Fig. 4- 
8) .
As discussed below, the Petermann Ranges Nappe may have been active during this 
depositional interval.
4.2.5.2 Continent-wide Setting
Sedimentation during the Marinoan glacial episode was not as widespread as during the 
Sturtian glaciation (Plumb et al, 1981; Preiss and Forbes, 1981), possibly because the 
glaciation was more restricted. Arkosic rocks are as diagnostic of this depositional interval as 
are tillites. Again a widespread transgression following glaciation is recorded by argillite 
deposition (e.g. Pertatataka Formation in the Amadeus Basin, Elyuah Formation in the 
Georgina Basin, and Brachina Formation in the Adelaide Geosyncline). Emergence in the 
region of the Officer Basin is suggested by the absence of Marinoan glacial units there.
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In summary, the pattem of subsidence is similar to that of the previous period, with the 
formation of elongate, asymmetrical basins flanked by mountainous regions being followed by 
more widespread and uniform deposition. A separate depositional interval is distinguished 
because a major time gap, corresponding to the South Range Movement in the Amadeus Basin 
(Wells et al, 1970), separated it from depositional interval 2.
4.2.6 The Fourth and Fifth Depositional Intervals: About 630 to 520 Ma 
(Fourth: Arumbera Sandstone and Todd River Dolomite)
(Fifth: upper Pertaoorta Group and Cleveland Sandstone)
4.2.6.1 Basin Shape and Development
Continuity of sub-basin shape and facies suggest that depositional intervals 4 and 5 
reflect a single period of basin development, and they are thus treated together.
In the Amadeus Basin a dramatic change in depocentre location and in the shape and 
width of the basin occurred at the beginning of depositional interval 4 when the main 
depocentre moved from the south to the north of the basin (Fig. 5-1(a)). The depositional 
ridge (Fig. 4-8) ceased to exist and was replaced by a hinge zone. The overall facies also 
changed from the grey sandstone and mudrock characteristic of sequence 3 to the red, 
feldspathic sandstone dominating sequence 4.
During depositional interval 4, several small, distinct, but partially linked sub-basins 
developed in the Amadeus Basin (4A and 4B in inset to Fig. 4-9 (a)). The sub-basins were 
particularly narrow, with a half-width of less than 110 km (Fig. 4-9 (a)); the narrowest in the 
history of the Amadeus Basin. The two Amadeus sub-basins (4A and 4B) appeared with the 
onset of interval 4, and continued to develop during interval 5. A third and separate sub-basin 
of indefinite extent developed in the Ngalia Basin (4C), and a fourth (4D) developed at the 
present boundary between the Ngalia and Georgina basins. The eastern Amadeus sub-basin 
(4A) appears to spill into the Georgina Basin (sub-basin 4E). The sequence 4 sandstone unit of 
the eastern sub-basin thins northwards towards the Georgina Basin to only 335 m at its
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depositional limit. In the Georgina Basin this upper sandstone unit is thin (50+m) and the 
lower part of the sandstone unit appears to be missing (Walter et al, 1979).
The eastern Amadeus sub-basin (4A) appears to be relatively symmetrical. However, 
the western sub-basin (4B) shows marked thickening to the north (Lindsay and Korsch, in 
press). The Amadeus sub-basins (4A and 4B) expanded southwards during interval 4, before 
temporarily contracting to the northwest at the end of interval 4 (Fig. 5-1(a)). A conglomeratic 
facies (Quondong Conglomerate) at the exposed southern limit in the west suggests this is also 
close to the depositional limit (Fig. 4-9 (a)).
Although these sub-basins range in thickness from about 1.2 km (Shergold et al, 1985) 
for the eastern sub-basin (4A) to possibly 3.0 km for the western sub-basin (4B) (Lindsay and 
Korsh, in press), the available time scales suggest that subsidence occurred slowly in two 
pulses over a 60 Ma period. Breaks in sedimentation preceding both pulses of subsidence are 
recorded in the Ngalia Basin and inferred in the Amadeus Basin (Fig. 4-1). The early pulse is 
absent in the Georgina Basin.
In the Ngalia Basin a sub-basin (4C) was filled with similar red, feldspathic sandstones 
to those in the Amadeus Basin.
In the Georgina Basin three sub-basins developed 1) at its western edge (4D), 2) as a 
possible extension of the sub-basin(4A) in the east of the Amadeus Basin, and 3) in the 
northern Adam Trough (4F).
During depositional interval 5 (beginning in the Middle Cambrian and ending in the late 
Cambrian) the Amadeus Basin expanded to a basin half-width of 150-180 km, or to 220 km if 
40 km of subsequent crustal shortening is assumed as argued in a later section. The subsidence 
rate also increased dramatically during depositional interval 5. Both the Amadeus and the 
Georgina basins were affected by the increase in subsidence, so the driving mechanism was 
operating on the scale of both basins. Subsidence was initially most rapid in the southwest 
Georgina Basin where sedimentation appears to be continuous from depositional interval 4 (i.e. 
Arthur Creek Formation appears to conformably overlie the Errarra Formation: Freeman, 1986; 
Morris, 1986). In the Amadeus Basin a break in sedimentation at the base of interval 5 
(Kennard and Nicoll, 1986) is followed by slow subsidence (e.g. Chandler Formation). The
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rate of subsidence in both basins increased as they spread laterally during the Middle Cambrian 
transgression (Figs. 4-2 and 4-9).
In the Georgina Basin there was a shift in sub-basin depocentres between depositional 
intervals 4 and 5 (see inset to Fig. 4-9). In the Georgina Basin carbonate and shale deposition 
continued until the earliest Late Cambrian (Idamean or earlier), whereas in the Amadeus Basin 
sedimentation may have continued into the Mindyallan.
In the Ngalia Basin, in contrast, most of the Middle and Late Cambrian is missing and a 
red-brown siltstone and minor sandstone unit (Bloodwood Formation) gradationally overlies 
dolomite (Walbiri Dolomite) suggesting a return to red sandstone facies in the Early or early 
Middle Cambrian (Wells and Moss, 1983).
A widespread, but possibly short-lived break in sedimentation at the start of 
depositional interval 5 is particularly significant as it marks the start of a major basin-forming 
phase. The break is recognised in both the Amadeus Basin and in most of the Georgina Basin 
at about the early Middle Cambrian (base of the Andagera, Gum Ridge, Chabalowe and Arthur 
Creek Formations in Georgina Basin, and the base of the Chandler Limestone in the Amadeus 
Basin; Shergold et al, 1985; Morris and Freeman, 1986). At the periphery of the central 
Australian region, this break corresponds to the end of volcanism and the start of the most 
widespread transgression in the Cambrian (Shergold et al, 1985; see Fig. 4-16 (iii)).
Facies variations, although not rapid, are more marked than at any other time in the 
history of the basins. Sequence 5 is unique in the history of the Amadeus Basin in showing an 
east-west facies variation from red feldspathic sandstones in the west to carbonate and mudrock 
in the east, rather than negligible or broad-scale, north-south facies variations. This facies 
variation implies uplift in the west and subsidence in the east. Local facies changes in sequence 
5 are more evident in the Georgina Basin. For example, in the region where subsidence was 
most rapid at the start of interval 5, the facies was anaerobic and sedimentation was continuous 
from interval 4, whereas near the basin margins a shoal facies was deposited (e.g. Hagen 
Member of Chabalowe Formation; Morris, 1986; Stidolph et al, in press). Breaks in 
sedimentation occurred in these marginal regions (e.g. Arthur Creek Formation is 
disconformable on Andagera Formation near the Davenport Ranges, and on the Mount Baldwin
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Formation in the Johannsen Ranges, Stidolph et al, in press; Freeman, 1986). Upwards and 
shorewards shallowing is a feature of the succeeding sequence in the Georgina Basin (i.e. 
Arrinthrunga Formation).
The dominant facies in all three basins during depositional interval 4 were of red 
fluviatile and deltaic sands. Derivation from local sources for the sandstones is indicated by 
the high feldspar content (up to 10 %). In the Amadeus Basin the source was from the south 
and west (Wells et al, 1970). Red sandstones also occur in the west of the Amadeus and 
Ngalia basins in interval 5 (Wells et al, 1970; Wells and Moss, 1983) and, as such, are 
indicative of a link between depositional intervals 4 and 5.
Subtle differences in basin development are indicated by comparing the subsidence 
history and the morphology of the basins. For example, a disconformity at the Precambrian / 
Cambrian boundary in the Amadeus Basin is debatable (Shergold et al, 1985), but a major 
hiatus is recognised in the Georgina Basin (Huckittä Movement of Walter, 1981). Early 
Cambrian sedimentation in the Georgina Basin is segmented (Figs. 4-9 (a) and (b)). Late in 
depositional interval 4 (late Early Cambrian) when carbonate sedimentation contracted to the 
east of the Amadeus Basin, the sea transgressed into the southwestern Georgina Basin (4R in 
Fig. 4-9 (a)). Local uplift before the transgression is indicated by the absence of the 
transgressive unit (Errarra Formation) in one narrow northwesterly horst-like zone (Figs. 4-9 
(a) cf Chapter 5, Fig. 5-1). Between depositional intervals 4 and 5 (between the late Early and 
the Middle Cambrian) a marked shift in sedimentation occurred in the Georgina Basin from a 
major sub-basin in the west to new depocentres further east, whereas in the Amadeus Basin 
earlier depocentres were maintained (Figs. 4-9 (a) and (b)).
4.2.6.2 The timing of the Petermann Ranges Orogeny
An enigmatic sub-basin at the southern margin of the Amadeus basin (MC4 in inset to 
Fig. 4-9 (a)), referred to here as the Mount Currie sub-basin, is traditionally considered to 
have formed syntectonically in the Early Cambrian during emplacement of the Petermann 
Ranges Nappe (Wells et al, 1970). The sub-basin is at least 50 km across, may be several 
kilometres deep, and contains polymictic conglomerate (Mount Currie Conglomerate) and
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arkose (Ayres Rock arkose) (Fig. 4-9). These sediments unconformably overlie sequence 3 
sediments of the previous depositional interval (e.g. Winnall beds; Forman, 1966). There are 
several reasons to doubt that this sub-basin formed due to foreland loading along the lines 
modelled by Jordan (1981) and Beaumont (1981) as implied by Wells et al. (1970), and more 
recently proposed by Korsch and Lindsay (in press):
1) The Mount Currie sub-basin (Fig. 4-9 (a)) appears to be unrelated to the main sub­
basins (4A and 4B) in the north of the Amadeus Basin which persisted throughout depositional 
intervals 4 and 5. The sub-basin (MC4) may have been formed at a different time. Sequences 
4 and 5 progressively thin towards and onlap almost to the Musgrave Block without any sign 
of thickening related to an along-strike continuation of the Mount Currie sub-basin as shown in 
Figure 5-1(a).
2) The gap of 100 km or more between the northern and southern sub-basins is too 
wide to be a simple peripheral arch (see Chapter 5, Fig. 5-4) at the outer flank of a foreland 
basin as modelled and formulated by Jordan (1981) and Beaumont (1981), because the implied 
effective elastic thickness of the lithosphere would be too thin (less than 10 km).
3) The preserved Mount Currie sub-basin is too deep and too narrow to be the result of 
foreland loading by the Petermann Ranges Nappe, if the Beaumont model is adopted.
4) The high feldspar content of sequence 4 indicates rapid erosion of a highland, 
possibly formed contemporaneously, as feldspar weathers and degrades rapidly and there is no 
volcanic or other source for the feldspar. The same sands with a high feldspar content occur in 
the unrelated sub-basins (4C and 4D) in the Ngalia Basin (Yuendumu Sandstone) and between 
the Ngalia and Georgina basins (e.g. Central Mount Stuart beds). The sands in the Ngalia and 
Georgina basins were derived from more local sources unrelated to the Petermann Ranges 
Nappe.
5) The cover formations (Dean Quartzite and Pinyinna beds) folded in the nappe, 
indicate crustal shortening of 70 km or more (Forman, 1966), and are traditionally correlated 
with sequence 1 ( Wells et al, 1970). However, the nappe was conceivably active during 
deposition of sequences 2 and 3, rather than during sequence 4, because sequences 2 and 3 are 
not directly folded in the nappe. Sequences 2 and 3 underwent milder folding and this implies
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much less crustal shortening, of the order of 10 km, under low grade metamorphic conditions 
and that the folding was in a separate event to nappe formation. (It is also conceivable that the 
Dean Quartzite and Pinyinna beds are older than sequence 1).
6) Time constraints on the emplacement of the nappe are poor and based on Early 
Cambrian Rb-Sr biotite and feldspar ages of 558 Ma and 587 Ma respectively for granite 
samples from the core of the nappe (Leggo in Forman, 1966). These ages may approximate 
closure on cooling at temperatures of 300°C or less due to uplift on isostatic unloading of the 
nappe, rather than reflect the emplacement age. However, the ages are more likely to represent 
partial resetting during regional tectonic activity at the same time as the Alice Springs Orogeny 
because the biotite age is younger than the feldspar age, which is inconsistent with simple 
cooling. Similar partial resetting of Rb-Sr minerals during the Alice Springs Orogeny in the 
RDZ is argued in Chapter 3. Tectonic activity during the Alice Springs Orogeny near the 
Petermann Ranges is apparent along the Black Hills Fault (BF in Figs 4-9 and 4-11), which 
displaces the ?Devonian-Carboniferous Finke Group (Wells et al, 1970).
7) Pelitic cover rocks in the front of the nappe contain kyanite-staurolite assemblages 
(Forman and Shaw, 1973) suggesting a pressure in excess of 4 kb (Harte and Hudson, 1978) 
implying an overburden of 15 km or more. Because the sediments in the Mount Currie sub­
basin are of low metamorphic grade (Forman and Shaw, 1973) possibly as much as the 15+ 
km overburden would need to have been removed before or during, deposition of sequence 4, 
which is of insufficient thickness and extent (i.e. volume) to account for the overburden 
removed.
It is suggested that (1) the Petermann Ranges Nappe predates formation of the Mount 
Currie sub-basin and sequence 4 sub-basin in the northern Amadeus Basin, (2) erosion of the 
highlands continued for a considerable time after nappe emplacement, (3) The nappe may have 
provided much of the sediment for sequence 3, and (4) the Mount Currie sub-basin developed 
at similar time to the sequence 4 sub-basins (4A and 4B) in the north of the Amadeus Basin.
4.2.6.3 Continent-wide Setting
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The Australia-wide pattern of subsidence in the Cambrian is summarised in Figure 4- 
16. Slight, but widespread, regional uplift in the earliest Cambrian, followed by episodes of 
increasingly substantial and widespread subsidence in the Early and Middle Cambrian, may be 
related to the onset of continental extension and seafloor spreading at the craton margin to the 
southeast of the central Australian basins.
The latest Precambrian to Early Cambrian is marked by a major eastward contraction of 
sedimentation (Veevers, 1984) followed by the extrusion of flood basalts (e.g. Antrim Plateau 
Basalt, Peaker Piker and Helen Springs Volcanics; Shergold et al, 1985) in the region 
peripheral to central Australia (Fig. 4-16 (i) and (ii)). The contraction of sedimentation 
suggests local highlands in much of central Australia, as the earliest Cambrian sediments were 
dominantly coarse and fluviatile. Deposition of the sands and silts of the Arumbera Sandstone 
and its marginal conglomeratic facies (Quondong Conglomerate) took place in the northern 
Amadeus Basin in the very latest Proterozoic and Early Cambrian. At about the same time 
arkose, siltstone, claystone and conglomerate were deposited as piedmont fanglomerates at the 
northeastern margin of the Officer Basin (Wallatinna Formation).
A widespread late Early Cambrian transgression characterised by Archaeocyathid 
dolomite (e.g. Todd River Dolomite) occurred across a region of subdued topography (Fig. 4- 
16 (ii)). The sea did not substantially penetrate the Amadeus Basin at this stage. At the close 
of depositional interval 4 a vast amount of plateau basalt was extruded at the periphery of the 
central Australian region and was most widespread in northern Australia (e.g. Antrim Plateau 
Basalt).
In the late Early or early Middle Cambrian (depositional episode 5) slight doming at the 
northwestern edge of the Georgina Basin (region of conglomerate in Fig. 4-16 (iii) i.e. in the 
south of the northwest-trending Davenport inlier), and reactivation of Proterozoic faults led to 
localised alluvial deposition in small intermontane basins as exemplified by the conglomeratic 
alluvial fan deposits of the Andagera Formation (Walley, 1985). Similar, early Middle 
Cambrian or older coarse sands in the northeastern Georgina Basin (conglomerate in Fig. 4-16 
(iii)) are coeval with or overlie basalt (Shergold et al, 1985).
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The marine transgression accompanying the rapid subsidence that followed (in the 
Ordian) onlapped the emergent basement in the Mount Isa region and transgressed much of the 
northwest Australian craton in a northwest-trending belt. In the Georgina Basin abrupt, but 
slight subsidence led to deposition of carbonaceous sediment in an aerobic to anaerobic facies 
(e.g. Arthur Creek Formation) in a widespread sheet deposit with coarser grained, supratidal 
and lagoonal facies at the basin margins (e.g. Chabalowe Formation) (Morris, 1986; Morris et 
al. 1986). From the Templetonian onwards to the Idamean the sea contracted eastwards (Fig. 
4-16 (iv)).
The craton margin is taken to correspond approximately to the Tasman line (Fig. 4-15). 
Southeast of this line, the early Cambrian andesite and tholeiite of the Heathcote greenstones in 
Victoria show oceanic chemical affinities and the low Ti values of some suggest a back-arc 
setting (Crawford et al, 1984) (central belt of volcanics in Fig. 4-16 (ii)). These volcanics 
contain Archaeocyathid carbonates suggesting eruption on a shallow sea floor in the late Early 
Cambrian (Shergold et al, 1985 ; Cooper and Grindley, 1982).
The Early to early Middle Cambrian was a period of tectonic instability (Shergold and 
Druce, 1980) and breakup of a supercontinent including Australia and North America (Bond et 
al, 1984). Acid and basic volcanics (Mooracoochie Volcanics) near the inferred craton margin 
in the Warburton Basin are highly altered, differentiated and lack definite andesite (Gatehouse, 
1986). Such volcanics are considered to represent ensialic volcanism such as the explosive 
mid-Tertiary volcanism in the Basin and Range Province of the western United States (Carlson, 
1984) rather than volcanism in an island arc setting as concluded by Gatehouse (1986). These 
unusual volcanics raise the possibility of an extensional detachment zone beneath the craton at 
relatively shallow depth in this region, and they warrant a more detailed investigation.
Lack of substantial basement topography in the region surrounding the Georgina Basin 
suggests that its development from the Cambrian onwards did not involve substantial crustal 
shortening except for some movements to the south near the central east-west province of the 
Arunta province and minor vertical movements in the Tertiary and Recent. Contractile models 
of basin formation predict uplift in the hinterland to be of the same magnitude as subsidence in 
the adjoining basin (see Chapter 1). The Ashburton Land Surface in the northwestern Georgina
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Basin is considered to have been established in the Cambrian and to have undergone little 
erosion since (Stewart, et al, 1986). However, Morris et al. (1986) described oil-bearing 
Middle Cambrian strata (Arthur Creek Formation), some 50 km to the south, suggesting up to 
1.5 km of sediment may have been eroded off the Davenport Ranges since then. Thus eustatic 
rises or erosion in this region probably did not exceed about 1.5 km. It seems that the 
development of the Georgina Basin was not accompanied by the formation of a marked 
topography.
Depositional interval 5 ended with a widespread erosional break known in the Ngalia 
Basin as the Blood wood Movement (Wells and Moss, 1983), which corresponds with the 
Delamerian Orogeny in the Adelaide Geosyncline (Shergold et al, 1985; Rutland et al, 1981; 
Parker, 1986-see Table 4-5). In the Amadeus Basin a faunal gap in the Idamean suggests a 
widespread hiatus, whereas in the Georgina Basin the corresponding break may have been 
slightly later (Shergold et al, 1985). Deposition also ended throughout the Officer Basin at this 
stage. The widespread nature of this depositional break suggests a change in the lithospheric 
stress regime (see Chapter 5).
4.2.7 Sixth and Seventh Depositional Intervals: About 520 to ?460 Ma or younger 
Sixth: Larapinta Group 
Seventh: Carmichael Sandstone
4.2.7.1 Basin Shape and Development
Changes in shape of the Amadeus Basin occurred with the incoming of this sequence, 
suggesting a change in the tectonic driving forces. The basin contracted, became more 
obviously elongate in an east-west direction, and a single depocentre developed in a new 
position relative to the two depocentres of the previous stage. From then on, and for the greater 
part of of the depositional interval, the basin expanded. Initially (Early Ordovician) the basin 
was connected to the open ocean in the east (Fig. 4-17 (i)) whereas in the later part of this 
depositional episode (mid-Ordovician Fig. 4-17 (ii)) the basin was probably connected with
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the Canning Basin to the west (Kennard and Nicoll, 1986). During this episode sedimentary 
facies were consistently uniform, sand dominated and marine; in contrast to the east-west facies 
changes that persisted throughout the two previous depositional episodes.
For the early stages of depositional interval 6 (Pacoota Sandstone and Horn Valley 
Siltstone) several features suggest that sedimentation in the Amadeus Basin may have been 
controlled by faulting at its northern margin, but the evidence is equivocal. The preserved 
basin shape is markedly asymmetrical. Unit thicknesses increase progressively towards the 
preserved northern basin margin (Wells et al, 1970). The single depocentre formed towards 
the exposed northern margin of the Amadeus Basin and migrated minimally during the 
depositional interval (Fig. 4-10). The siltstone unit (Horn Valley Siltstone) overlying the 
initial sandstone unit (Pacoota Sandstone), in particular, shows very rapid thickening towards 
the northern margin of the basin. Although sequence 6 thickens rapidly towards the northern 
margin of the Amadeus Basin, further north in the Ngalia Basin, sequence 6 is represented by 
only 300 m of sediment, so it is possible that an upfaulted block or upwarp existed between the 
two basins.
On the other hand, there is no facies evidence (e.g. conglomerate) for a landmass 
immediately to the north of the margin as might be expected if the Redbank Deformed Zone 
(RDZ) formed the active margin. All units in sequence 6 are remarkably mature. A fluviatile 
facies within the Pacoota Sandstone in the west of the basin contains rare quartz pebbles and 
the sandstone increases in thickness towards the northwest, suggesting a source area there (J. 
Deckleman, Magellan Petroleum, pers. comm.) rather than towards the Redbank Deformed 
Zone (RDZ) to the north. However, any marginal facies may have been destroyed by later 
uplift and erosion. The inferred axis of maximum deposition for the Pacoota Sandstone, west 
of 133° longitude, is up to 50 km south of the RDZ, and was possibly as far as 100 km or 
more south of the RDZ if later crustal shortening is taken into account. The thinning of units 
over the Goyder Pass Structure (Fig. 4-11) is a local feature possibly due to salt movement 
(Wells et al, 1970) and is not necessarily related to faulting.
A widespread and abrupt transgression, corresponding to deposition of the Stairway 
Sandstone in the upper part of interval 6, occurred in the Late Arenig to Llanvim (R. S.
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Nichol, BMR, pers. comm., at about 7480 to 475 Ma). During the transgression the estimated 
half-width of the preserved Amadeus Basin increased from 160 km to 220 km; or if 56 km of 
post-deposidonal crustal shortening is assumed, as argued below, then the basin half-width 
expanded from 145 km to 255 km during the transgression.
Finally, the Stokes Formation was deposited in the Amadeus Basin, rapidly at first and 
than slowly, in the Llanvimian in a progressively more restricted environment evidenced by 
carbonates and evaporites (Kennard and Nicoll, 1986).
In the Ngalia Basin, the Djagamara Formation, of probable Ordovician age, is only 
about 300 m thick and may be equivalent to the more extensive Stairway Sandstone, rather than 
the Pacoota Sandstone as was suggested by Wells and Moss (1983). In this case deposition of 
the Djagamara Formation corresponds to the period of most widespread transgression during 
depositional interval 6.
In the Georgina Basin two linear, asymmetrical, northwest-trending sub-basins (Toko 
Group) developed during depositional interval 6. The asymmetry of the sub-basins is 
consistent with zones of faulting at the western edges of these sub-basins being active during 
deposition. The lower sandstone unit in interval 6 (Tomahawk beds) onlaps basement along 
the western margin. The restricted distribution of the upper unit (Nora Formation) is possibly a 
result of subsequent erosion, as subsidence at that time is recorded elsewhere in the Georgina 
basin (see Fig. 4-2).
Depositional interval 7 is represented by the Carmichael Sandstone which, based on 
regional correlations (Webby et al, 1981), may be of Middle Ordovician or younger age and
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succeeded sequence 6 (Larapinta Group) concordantly. It was deposited in a mixed fluviatile 
and marine facies. The shape of the basin during the time of deposition is poorly known (see 
Fig. 4-10(b)). What meagre evidence exists suggests a thickening to the south. The thickening 
may have been towards the source area as these southern sediments are fluviatile and coarser 
grained. No clearly defined depocentre is apparent, but a marked shift in the broad region of 
maximum deposition from sequence 6 suggests a time break at the base of the unit.
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4.2.7.2.Continent-wide Setting
By the Ordovician the continental margin had moved east of its Cambrian position and 
the region including the Adelaide Geosyncline, western Tasmania, and the Broken Hill area had 
become emergent (Fig. 4-17 (i)). In southeastern Australia, distribution of rock types 
suggested an east-facing mafic island arc in the far east, separated from the continent by a 
marginal sea (i.e. the Wagga Basin developed in a back-arc setting ; Powell, 1983). A 
microcontinent is inferred to have existed east of the sea in Victoria (Cox et al, 1983). An east- 
west belt of shallow-marine sands, (Central Australian Transverse Zone of Webby, 1978), 
spread across central Australia, perpendicular to the basins of the Tasmanides. Shallow-marine 
sands were also deposited in additional embayments such as parts of the Officer Basin (Mount 
Chandler Sandstone) and Georgina Basin (Tomahawk beds, Kelly Creek and Ninmaroo 
Formations).
A half-graben containing deeper water marine sediments evident in a seismic section 
(WA in Fig. 4-17 (ii); see Purcell and Poll, 1984) is suggestive of extensional tectonics in the 
Willouran sub-basin of the Canning Basin in the mid-Ordovician, at the time when the Canning 
and Amadeus basins became connected .
A widespread contraction of sedimentation occurred at the close of the mid-Ordovician 
(Webby et al, 1981). Deposition ceased in both the central Australian basins and the Canning 
Basin, and contracted in the Tasmanides. Sedimentation had probably also ended on the Gnalta 
Shelf (northwestern N.S.W.) by the mid-Ordovician (Cooper and Grindley, 1982).
With the incoming of the Benambran Orogeny in the Late Ordovician to Early Silurian 
(435+5 Ma) sedimentation contracted to narrow belts in the Tasmanides (Fig. 4-17 
(iii))(Degeling et al, 1986; VandenBerg, 1986; Gatehouse, 1986). Deformation and 
metamorphism occurred in the western parts of the Tasmanides (e.g. Wagga Metamorphic 
Belt; Degeling et al, 1986). Steep dips in Ordovician sediments in the Thomson Fold Belt are 
considered to be the result of northeast-trending, open to tight folding parallel to the Diamantina 
Lineament and to be of early Silurian age because the folding predates Silurian to mid-Devonian 
granites (Murray, 1986). A large part of the Australian continent became emergent during this 
period, and it is likely that the central Australian region was also emergent.
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In summary, during this period deposition in the Tasmanides was contracting to the 
east, whereas in the Canning Basin tectonism appears to have been extensional. The Amadeus 
Basin may correspond to a complex region where there was a switch from a positive to a 
negative stress regime.
4.2.8 Eighth Denositional Episode: About 7460-400 Ma
(Mereenie Sandstone)
4.2.8.1 Basin Shape and Development
Considerable uplift and erosion occurred over much of central Australia before or 
during deposition of the Mereenie Sandstone, as indicated by the erosion of several Ordovician 
units in the eastern Amadeus Basin and by the apparent absence of an equivalent unit in the 
Georgina and Ngalia basins (Fig. 4-11 (b). The only likely correlative of the Mereenie 
Sandstone in the Ngalia Basin is the Kerridy Sandstone (Wells and Moss, 1983), which is a 
red-brown, feldspathic, immature sandstone more akin to the sandstone units in sequence 9 
(Pertnjara Group). Although sequence 8 follows on concordantly from sequence 7 in the 
central part of the Amadeus Basin, dips in the underlying units of sequence 6 (Larapinta 
Group) are notably steeper than those in the Mereenie Sandstone at several localities along the 
Amadeus Homocline (AH - also known as MacDonnell Homocline; localities are south of 
Stokes Bore and at Ellery Creek) suggesting a disconformity at the base of sequence 7 or 8. 
Rapid thinning of the Mereenie Sandstone at its southern margin (Wells et al, 1970) also 
suggests uplift of the basement there before or during deposition. Uplift in much of the region 
surrounding the Amadeus Basin probably covers the period between deposition of sequence 6 
(Larapinta Group and its equivalents) in the mid-Ordovician and the start of depositional 
interval 8. The main period of uplift may roughly correspond to the latest Ordovician to 
Silurian Benambran Orogeny in the Tasmanides to the east as discussed below. The next units 
to be deposited in the emergent region northeast of the Amadeus Basin were of Late Devonian 
age so uplift may have persisted throughout much of the Silurian in the region occupied by the 
Ngalia and western Georgina basins and in the Toko Syncline.
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The Mereenie Sandstone concordantly overlies the Carmichael Sandstone in the west of 
the Amadeus Basin, but in the east of the basin up to 1.3 km or more of section was removed 
by erosion before the Mereenie Sandstone started to onlap units of sequence 6 (Larapinta 
Group; Wells et al, 1970). Even assuming fast denudation rates, a considerable period of 
erosion of the order of 30 Ma is indicated by the missing section at this unconformity. Large- 
scale cross-beds in the Mereenie Sandstone suggest that much of it is aeolian. The well-sorted 
grains and lack of clay matrix indicate repeated winnowing and slow deposition. These 
features, together with the sandstone thickness (up to 1000m) are in keeping with slow rates of 
sedimentation over a long period of time. Such extreme maturity and slow rates of 
sedimentation suggest that major faulting was not active during this period. Any uplift of the 
Arunta Block, therefore, presumably occurred before deposition commenced and may have 
continued at a slow pace during deposition.
Young et al. (1987) suggest an alternative viewpoint of the unit overlapping the units of 
the Larapinta Group in the northwest of the basin is a correlate of the sandstone in the lower 
Pertnjara Group (Harajica Sandstone Member of the Parke Siltstone), and that this sandstone 
onlaps a previous region of uplift representing a period of non-deposition coeval with 
deposition of Mereenie Sandstone in the west However, the missing section at the base of the 
Mereenie Sandstone along the central northern margin of the basin north of the Waterhouse 
Anticline is left unaccounted for by this depositional model.
The depocentre was distinct from and south of that for sequence 6 (Larapinta Group) 
and was unrelated to that of sequence 7, suggesting a change in basin-forming mechanism. 
There is a suggestion of segmentation into three en-echelon sub-basins according to the isopach 
map of Wells et al. (1970, Fig. 34). The basin of deposition was slightly asymmetrical, the 
depocentre being close to the northern margin.
The depositional basin half-width is estimated at about 140 km assuming the line of 
overlap is close to the basin shore-line (Fig. 4-11 (b)). This width is considerably narrower 
than that for sequence 6.
Tectonic activity on the AH and the Gardiner Anticline can be deduced from 
stratigraphic relationships. The asymmetrical shape of the basin with the depocentre closer to
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the northern margin than the southern margin and a possible disconformity northwards along 
the Amadeus Homociine (AH) suggests that the homocline may have been active before 
Mereenie Sandstone deposition. The depocentre spread across the Gardiner Anticline, 
indicating subsidence there during deposition of sequence 8. The Parke Siltstone thins slightly 
across the Gardiner Anticline (Jones, 1970) and the Mereenie Sandstone appears to be thinned 
by erosion, indicating local uplift or erosion after Mereenie Sandstone deposition there. This 
suggests that the tectonic driving forces during subsidence and deposition of sequence 8 
differed from those during deposition of sequence 9, which recorded the effects of the 
compressional Alice Springs Orogeny.
In summary, there is evidence for activity on the AH and Gardiner Range structure 
immediately before and after the deposition of sequence 8 (Mereenie Sandstone). Both these 
structures showed their maximum development during the Alice Springs Orogeny (see 
Chapters 1 and 3). However, subsidence during deposition of sequence 8 appears to be 
centred over the Gardiner Range structure implying different tectonic conditions were operating 
to those of the Alice Springs Orogeny.
4.2.8.2 Continent-wide Setting
Much of Australia was emergent during the Silurian and there was a lack of connection 
between deposition in central Australia and deposition in the Tasmanides (Degeling et al, 1986; 
Murray, 1986; Gatehouse, 1986; Ramsay and VandenBerg, 1986; see Fig. 4-17 (iv)).
Whether deposition occurred in central Australia during the Silurian is debatable. If the 
Mereenie Sandstone was not deposited in the Silurian, then it was deposited in the Early 
Devonian, and it seems likely that its deposition straddles both periods. Widespread worm 
burrows in the Mereenie Sandstone suggest a partly marine facies (Wells et al, 1970). Any 
marine incursion is likely to have been from the west (Wells et al, 1970) to allow connection to 
the nearest sea, either with the ?Silurian-Devonian Carribuddy Group (Lehmann, 1984) or the 
Devonian Worral and Meeringeri Formations (Table 4-4, Fig. 4-2). Marine carbonate 
sedimentation also took place further to the southwest in the Carnarvon Basin (Playford et al, 
1975). Small-scale east-trending syn-depositional hörst and graben-like structures in the
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northern Canning Basin, documented by Forman and Wales (1981), are suggestive of an 
extensional regime in the Silurian and Early Devonian, but may also be due to strike-slip 
movement. The marine incursion into the Amadeus Basin may be continuous with and related 
to the subsidence driven by extension in the Canning Basin.
4.2.9 Ninth Depositional Interval: About 400-300 Ma 
(Pertnjara Movement, Pertnjara Group, Alice Springs Orogeny)
4.2.9.1 Amadeus Basin
The development of the northern margin of the Amadeus Basin during depositional 
interval 9 (Chapter 2, Fig. 2-6 and 2-20) shows evidence of control by contractile faulting. 
Synorogenic molasse-like sediments were deposited as the Arunta basement rose to the north. 
In general, the sediments progressively coarsened upwards and produced a reverse stratigraphy 
as underlying units were successively unroofed. Boulders up to 1.5 m across occur in the 
middle part of the conglomerate unit (Brewer Conglomerate) and become conspicuous near its 
top. Phenoclast types indicate erosion of 4-5 km of section to expose basement along the basin 
margin. Geological interpretation of a typical seismic section across the northern margin of the 
basin (at Longitude 133°E, Fig. 2-6) suggests that the basin slope, indicated by the angle of 
apparent onlap, increased progressively from 3° in the early stages of deposition to possibly 
approaching 14° at the height of rapid deposition. The rate of deposition reached up to 250 
m/Ma or more (Jones, 1970; Shaw et al, in prep. (a)). Major thrusts and faults were active, 
including the Ormiston nappe and thrust zone, the RDZ and a wide zone of faulting controlling 
the upturn at the AH (see Chapter 3 and Fig. 2-20).
Basin development is outlined in terms of three subdivisions of sequence 9, labelled A, 
B and C which refer to the Parke Siltstone, the Hermannsburg Sandstone and the Brewer 
Conglomerate respectively (Fig. 4-11).
The main basin of deposition for unit A (Parke Siltstone,; sub-basin Al in the inset to 
Fig. 4-11) has a preserved half-width of 65+10 km in the east and 100 km in the west,
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assuming that the gap between the main sub-basin (Al) and a minor sub-basin (A2) to the 
south represents an emergent region.
Isopachs for the upper siltstone members of the basal unit (Dare and Amulda Siltstone 
Members of the Parke Siltstone) trend west-northwest (Jones, 1972), suggesting depositional 
margins unrelated to the present northern margin of the Amadeus Basin and possibly controlled 
by the Gardiner Range Structure. The fact that the otherwise molasse-like sequence of the 
Pertnjara Group starts with a siltstone unit suggests the basin shape was initially controlled by 
flexure rather than faulting, which would be expected to produce a sandy or conglomeratic 
marginal facies. Alternative, the margin was further north and destroyed by subsequent fault 
movement, but this seems unlikely. The growth of anticlines (Jones, 1970) during deposition 
independently suggests a small amount of crustal shortening possibly accompanied by upward 
salt movement from sequence 1 below. The comparatively narrow width of the main sub-basin 
(Al) and its complex shape suggests warping is confined to the upper crust rather than 
affecting the whole lithosphere. The smaller southern sub-basin (A2) may be due to broad- 
scale folding of the underlying sedimentary sequence above a detachment zone (Wells et al, 
1970) or due to salt movement (Lindsay and Korsch, in press.).
The preserved basin of unit B (Hermannsburg Sandstone) trends east-northeast, parallel 
to the Gardiner Range Structure and oblique to the RDZ (9B in Fig. 4-11 (b)). Reflection 
seismic evidence shows that the basin of deposition for the upper conglomeratic member of the 
formation (Ljiltera Member) onlaps onto the emerging northern basin margin (See Fig. 2-6).
Unit C forms a basin containing up of 2 to 3 km of conglomeratic sandstone and 
conglomerate (Brewer Conglomerate). The preserved basin parallels the AH at the northern 
margin of the Amadeus Basin and the RDZ (AH and RDZ in 9C Fig. 4-11) and is slightly 
asymmetrical with a depocentre closer to the northern margin. To account for the fission track 
ages (Tingate et al, 1986) and vitrinite reflectance values (Playford et al, 1976), 1.5 km or more 
of additional sediment may have overlain the preserved basin. Consequently, it is impossible 
to estimate the width or thickness of the original basin.
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4.2.9.2 Ngalia Basin
The two basal units of sequence 9 in the Amadeus Basin are correlated with a unit of 
red, immature sandstone in the Ngalia Basin (Kerridy Sandstone, 9K in Fig. 4-11). This 
formation underwent a major episode of uplift and erosion before deposition of the next unit, 
so little is known of the basin shape or thickness at this stage. For example, most of the 
section was removed from the southern margin of the Ngalia Basin in places (the Stuart Bluff 
Range and in the Treuer Range) and at the northern margin the sequence was locally stripped 
down to the Cambrian (e.g. Warbiri Range). The sandstone rests on basement in the central 
part of the basin (e.g. 40 km southwest of Yuendumu).
The overlying synorogenic arkosic sandstone (Mount Eclipse Sandstone, 9E, Fig. 4- 
11) is up to 2200 m or more thick and was deposited between the latest Devonian to the late 
Early Carboniferous (i.e. to Visean) (Wells and Moss, 1983).
4.2.9.3 Georgina Basin - the Dulde Sandstone and additional missing synorogenic deposits of
the Georgina Basin
The Dulde Sandstone (9G in Fig. 4-11 (b)) is correlated with the Cravens Peak beds in 
the Toko Syncline and with the Parke Siltstone and Hermannsburg Sandstone in the Amadeus 
Basin (G. Young, BMR, pers comm. 1987; see DS in Fig. 4-2).
A thick pile of synorogenic sediments is inferred for the Late Devonian in the Georgina 
Basin, as a major mountain chain existed to the south of the Basin. For example, at least 3 km 
of uplift took place on the Oomoomilla Fault and considerable uplift may have taken place on 
the Delny-Mount Saintill Fault, which shows features such as retrograde metamorphism typical 
of faults active during the Alice Springs Orogeny, and along which deep crustal komerupine- 
bearing gneiss is juxtaposed against Georgina Basin sediments (Freeman, 1986). Thermal 
blanketing by such synorogenic sediments may account for the high maturation levels observed 
in the central western part of the basin (Morris, 1986). The uplift and deposition must post­
date the Late Devonian Dulcie Sandstone, which is a medium to thick bedded quartz arenite and 
not an immature sediment of the type deposited in front of such a mountain range. These
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missing sediments were presumably uplifted, eroded and redeposited in the Eromanga Basin 
possibly in the Carboniferous and Permian.
4.2.9A Continent-wide Setting
In the Tasman Orogen a compressional orogenic event (Bowning Orogeny) at the end of 
the Silurian at about 420 to 395 Ma involved folding, metamorphism and granite unroofing 
(Degeling et al., 1986) and was followed by marine sedimentation (Murray, 1986).
Rapid and permanent uplift occurred over much of the continent in the mid-Devonian 
and renewed widespread uplift occurred in the latest Devonian to Early Carboniferous (Fig. 4- 
18 (ii) and (iv)). Both periods of uplift followed widespread compressional tectonism. In the 
south of the Tasmanides in the Middle Devonian renewed folding, faulting and granite intrusion 
gave rise to the Tabberabberan Highlands which became the source of molasse elastics 
deposited towards the north and west of N.S.W.in the Late Devonian (Powell, 1983)(Fig. 4- 
18 (ii) and (iii)). Horizontal compressional stresses appear to have been active and produced 
uplift across much of the continent suggesting that the lithosphere acted as a stress guide. 
However, the direction of the compression varied as did the direction of folding and thrusting. 
Thrusting at the northeastern margin of the Tasmanides (Hodgkinson Province) ended 
sedimentation there in the latest Devonian or Early Carboniferous and was followed by granite 
intrusion (Shaw et al, 1987). Compression was east-west in the north-east of the continent 
(Murray, 1986) as northerly folding occurred in the Adavale Basin. However, fold and thrust 
trends vary widely there and may be related to a strike-slip, possibly transpressional regime. It 
was northerly in the central Australian region, as indicated by the development of an easterly 
thrust belt. It may also have been northerly in the southeast Tasmanides, where kink folds 
suggest northerly shortening (Powell, 1984). Concurrently, however, north-south extension 
appears to have occurred in the northwestern Canning Basin, where half grabens rapidly 
developed (Smith, 1984).
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4.3 Conclusions
The major changes in basin shape and facies show a linked development between the 
Amadeus, Ngalia and Georgina basins. Changes in basin shape correspond to changes in the 
rates of subsidence, and together they suggest that changes in tectonic driving force may have 
occurred. The periods of subsidence and uplift are synchronous over wide regions of the 
continent, implying that in-plane stresses, both compressional and extensional, were a major 
control on basin subsidence and on regional uplift.
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CHAPTER 5
MODELS FOR BASIN FORMATION
IN
CENTRAL AUSTRALIA
5.0 MODELS FOR BASIN FORMATION IN CENTRAL AUSTRALIA
5.1 Introduction
Nine episodes of subsidence are established for the central Australian Basins. It will be 
argued that five of these episodes can be related to long-lived tectonic periods dominated at first 
by compression (intervals 2 and 3), followed by extension (intervals 4 and 5), then 
compression (interval 9). During the remaining depositional episodes (1, 6, 7 and 8) the basin­
forming mechanisms are more complex and less well understood because of other minor, 
additional, local factors such as pre-existing structure and interference between several different 
driving forces with differing time constants.
In this section we examine the tectonic driving forces which produced the nine episodes 
of subsidence. The main controlling factor was the fluctuating magnitude or polarity of in­
plane stresses which affected much of the continental plate simultaneously. Other factors are:
(1) pre-existing basement structure and lithospheric loads
(2) the location of the basin relative to a rapidly evolving continental margin in the 
Cambrian,
(3) the thermal time constant for a cooling and thickening lithosphere, and
(4) various other factors such as viscoelastic relaxation, erosion and deposition of a 
flexed lithosphere, persistent topography, and differential compaction, all of 
which tend to maintain pre-existing basin shape.
The basin-forming mechanisms fall into two broad categories:
(1) contractile, and
(2) extensional.
Before examining particular basin forming models the following special features of the central 
Australian basins should be borne in mind.
Particular observations which point to changes in tectonic driving forces are:
(1) Episodic subsidence is a feature of the basins (Fig 4-3) and is apparent regardless 
of the length of the erosional or subsidence intervals.
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(2) Widespread periods of uplift, indicated by major unconformities, appear to 
correlate with compressional orogenic events elsewhere in the continent (Table 4- 
5, Figs.4-2 and 4-1).
(3) A major change in basin shape occurred between depositional intervals 3 and 5 
(Fig. 5-1) and important changes in basins shape occurred between the other 
intervals.
(4) Major changes in basin width (Fig. 5-2) imply that changes in effective 
mechanical lithospheric thickness may have taken place between the depositional 
intervals.
Particular observations suggestive of extensional tectonism are:
(1) The correlation between rapid subsidence and volcanism during depositional 
intervals 4 and 5.
2) The rapid Cambro-Ordovician subsidence seen in the Amadeus Basin during 
episode 5, which accounts for about 30% of the total section, also occurred in the 
Georgina Basin. Thus the same basin-forming mechanism probably applies to 
both basins for this period.'
Features in central Australia which imply contractile tectonism during basin formation 
are:
(1) The link between basement uplift and subsidence during the early stages of 
depositional intervals 2 and 3 and during depositional interval 9. During these 
intervals basement uplift and erosion is demonstrated by the deposition of clasts 
derived from the basement.
(2) Depositional intervals 2, 3 and 9 are notably deficient in volcanism within and 
outside the central Australian region.
(3) During depositional intervals 2, 3 and 9 major, wide, E-W basins formed within 
the Amadeus Basin, while narrow asymmetrical en-echelon basins, suggestive of 
strike-like faulting, developed in the Georgina Basin. Concurrently, major
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periods of erosion alternated with rapid deposition in the Ngalia Basin so that 
little thickness of sediment is preserved. How this pattem of sedimentation fits a 
compressional model is explained further below.
(4) The Musgrave Block and, to a lesser extent, the Arunta Block north of both the 
Amadeus and Ngalia basins, were established as emergent regions during 
depositional intervals 2 and 3 and emergence persisted to a varying extent during 
subsequent depositional intervals. This persistence of topography suggests that 
high mountain ranges were established which were not rapidly removed by 
erosion or mild regional subsidence. Crustal thickening during a major 
compressive event would have made these regions less liable to subsidence 
during any reduction of compression or during mild extension.
The constraints of changing basin shape and changing basin width are particularly 
important and require further explanation. The marked change in the shape of the northern 
Amadeus Basin between depositional episodes 3 and 5, summarised in Figure 5-1, places 
major constraints on the basin-forming mechanism. From this time onwards the mid-basin 
ridge ceased to exist. During episode 4 the basin expanded and then contracted. Throughout 
episode 5 the basin expanded southwards. The expansion is gradual and corresponds to the 
onset of rapid subsidence. With the beginning of episode 6 the basin contracted then expanded 
beyond its formed limits, the most rapid subsidence occurring during the later part of episode 
6. Preserved thicknesses in the Ngalia Basin suggest the sequences extended at least that far 
north. In all cases except episodes 2 and 3 there is no evidence in the sedimentary record of a 
basement high between the Amadeus and Ngalia basins. Compressional basin-forming models 
require that uplift of nearby basement or the major uplift of a hinterland occurs concurrently 
with subsidence and is of a similar magnitude. This relationship holds for compressional 
models such as foreland loading (Beaumont, 1981; Jordan, 1981), tilted fault-blocks (Lloyd, 
1986), and viscoelastic magnification of the lithosphere by the imposition of a long-term in­
plane compressive force (Lambeck, 1983; 1984). Lambeck's compressional model also 
predicts that the depocentre will migrate towards the rising upwarp as the basin develops. An 
Amadeus Basin that expands to the south, combined with the lack of evidence of overthrusting
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or proximal sediments derived from a rising basement to the north, precludes simple contractile 
models for episodes 5 and 6 involving sustained compression of reasonable magnitude (several 
kb).
Rapid changes in basin width also imply changes in the tectonic driving forces. Basin 
width is principally dependant on the mechanism of basin formation and on the effective 
mechanical thickness of the lithosphere, which are also affected by changes in the driving 
forces. For simple models where the lithospheric plate is flexed by simple vertical forces such 
as a sediment load acting on an elastic lithosphere, the basin width can be related to the effective 
elastic thickness of the lithosphere (Fig. 5-4). The effective elastic thickness, in turn, depends 
upon the physical properties of the lithosphere expressed in terms of the flexural rigidity, 
effective elasticity and Poisson's ratio (Fig. 5-3a). The simplest way for these parameters to 
change is by heating of the lithosphere during extension, leading to thinning, or cooling of the 
lithosphere, leading to thickening. The width of initial rift basins is more dependant on the 
amount of stretching than on the lithospheric thickness, although a thinner lithosphere may 
favour narrower basins. If extension is extreme and strain concentrated in detachment zones in 
the lower crust or sub-crustal lithosphere, then extensional basins may be over hundreds of 
kilometres wide (Lister et al, 1987). However, basin width during the sag phase of rifting is 
dependant on lithospheric thickness and the distribution of load. As the lithosphere cools and 
thickens after rifting, the width of the sag basin increases. On the other hand, where basin 
development is controlled by deformation in an upper or mid-crust, detached from the lower 
crust or lithosphere, basins tend to be narrow (less than 100 km) and their width is partly 
dependant on the depth to some detachment zone as is the case, for example, in ramp or piggy­
back basins.
Figure 5-2 shows the change in basin half-widths throughout the life of the Amadeus 
Basin. The estimates of original Basin half-width incorporate estimates of crustal shortening as 
detailed in Table 4-6. Also shown in the same plot are estimates of the effective elastic 
thickness of the lithosphere, assuming simple flexure and the line-load models portrayed in 
Figure 5-4 and adopting the flexural parameters given in the Table 4-6. While these estimates 
are subjective and model dependant they illustrate that major, relative changes in lithospheric
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thickness may have taken place between each phase of basin development At no time does the 
basin narrow to a half-width as narrow as the 65 km, predicted by the compressional 
viscoelastic model using reasonable parameters (Lambeck, 1983).
The basin is narrowest during episode 4 and widest during the late stages of episode 6. 
A potential explanation for this change is that the lithosphere was thinnest at the start of episode 
4 and progressively cooled and thickened until the end of episode 6, when further thinning or 
disruption may have occurred.
Two new models, one contractile and the other extensional, are proposed to explain the 
main periods of subsidence in central Australia. Complicating factors that partly control 
subsidence during some depositional intervals are then discussed. In the following conclusion, 
a tentative sequence of mechanical processes is proposed as a working hypothesis for the 
development of the central Australian basins.
5.2. Contractile Model
5.2.1 Outline of the Model
It is proposed that basin formation during the early part of depositional intervals 2 and 
3, and during depositional interval 9 was controlled by contractile deformation localised in 
thick-skinned fault structures (Fig. 5-5). A contractile model most closely explains the 
changing basin shape during these intervals, which show a link between basement uplift and 
subsidence and are also notably deficient in volcanics. A schematic outline of the stages in the 
evolution of the model is given in Figure 5-5. This proposal is justified further below.
Foreland loading models (e.g. Beaumont, 1981), involving shallowly dipping, thin- 
skinned thrust belts are not appropriate for basins developed alongside thick-skinned fault 
zones. Translation on the thick-skinned fault is produced by the vertical component of the 
compressive force acting directly across the fault and not by loading of the lithosphere away 
from the site of thrusting as in the foreland model of Beaumont (1981).
Thin-plate theory, applied to a broken-plate, was used by Gunn (1947) to simulate 
uplift and subsidence on either side of a deep-seated fault which penetrates the entire crust and
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lithosphere (see Fig. 5-5). The theory assumes that the lithosphere can be treated as an 
unlimited broken plate buoyed by an inviscid fluid. The compressive forces cause the 
lithospheric plates to translate both upwards and downwards on either side of the fault and to 
flex. For simplicity, friction on the fault was neglected. The compressive force (N) required to 
generate a maximum deflection (WQ) at the fault of dip (<j>) (Gunn, 1947) is:
N = W0 A p g Q7*2sin <}> cos <j> 
where (<j>) is the dip of the fault 
and Ap g a  represents the buoyancy 
component (Table 4-6).
An important consequence of this model is that a back-basin with a reduced thickness of 
sediment is predicted in the uplifted block at a distance from the thick-skinned fault which 
depends on the effective elastic thickness of the lithosphere. This back-basin is analogous to 
the peripheral arch produced in foreland basins, but is of opposite sense (see Fig. 5-4).
The subsidence phase which followed thick-skinned faulting after removal of the 
compresssion is also modelled (Fig. 5-5 (b) and (c)). The flexure produced by the load of the 
sediments together with the load of the uplifted block, once the fault becomes sealed and the 
compressive stresses are allowed to relax, was calculated using the thin-plate method detailed 
by Hetenyi (1974). Because the upfaulted-block loads a continuous (i.e. unbroken) plate, the 
wavelength of the induced flexure is about twice that of a plate broken by the thick-skinned 
fault (Turcotte and Schubert, 1982).
The sub-basins of the Amadeus Basin for intervals 2, 3 and 9 are narrower than can be 
readily explained by a foreland basin model without invoking an unreasonably small effective 
elastic thickness for the lithosphere of less than 25 km. However, a good approximation to the 
evolving basin shapes during interval 2, 3 and 9 can be simulated using the thick-skinned fault 
model (see Table 4-6). The results are shown schematically for a lithosphere with an effective 
elastic thickness of about 30-40 km (Fig. 5-5).
Erosion of the uplifted block reduces the lithospheric load and causes accelerated uplift. 
Because of the feed-back effect rapid erosion may favour fault activity. Simultaneous 
subsidence in the trough is enhanced by an accumulating sediment load. The uplift and
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erosion may cause all or part of the back-basin to be removed, as shown by modelling in 
Figure 5-5 assuming no movement on the fault As the topography is reduced, the erosion rate 
falls and the effect of erosion on the upward flexure of the lithosphere is reduced.
Other examples of thick-skinned faults leading to basin formation are the Palaeozoic and 
Cainozoic deposits of the Tarim Basin in China (Hefu, 1986) and the Wind River Basin in the 
U.S.A. (Lloyd, 1986). This style of basin has been modelled by Lloyd (1986)who termed 
them tilted-block basins. The central Australian examples are modelled as a special case of 
tilted-block basins, formed where only one or two faults penetrate to mantle depths.
5.2.2 Fundamental thick-skinned faults
In the proposed model the thick-skinned fault zone has a dip of 45° and penetrates the 
mantle so that mantle buoyancy forces become important. Such a fault zone approximates the 
nature and geometry of the RDZ north of the Amadeus Basin (Shaw and Black, in press). The 
continuation of the RDZ to the mantle is consistent with both teleseismic travel time anomalies 
and the Bouguer anomaly profile across the structure (Chapter 2, Lambeck et al, in press). It is 
considered that uplift of the RDZ and related structures largely controlled deposition of 
sequence 9. In detail, the pattem of basement uplift is complicated by movement on 
subordinate fault zones in front of the main fault zone, in particular by movement on the 
Ormiston thrust zone and on faults producing the Amadeus Basin Homocline. As the basement 
rose, due to movements on the thick-skinned fault zone, the cover sequence became detached 
along a salt horizon in sequence 1 (Bitter Springs Formation) and slid southwards away from 
the rising basement. For this reason the molasse-like basin of sequence 9 developed south of 
the main fundamental fault.
The narrow sub-basin occupied by sequence 9A (Parke Siltstone, Table 4-6) may be 
controlled by the upper crustal structure or may reflect pre-fault flexure, as documented by 
Decelles et al (1987) in the Laramide thrust belt. The sub-basin occupied by sequence 9B 
(Hermannsburg Sandstone, Table 4-6) can be explained by the thick-skinned fault model 
adopting a 40 km thick crust (with lithospheric parameters given in the caption to Fig. 5-5a). 
Spilling of sediment into the Eromanga Basin to the southeast may correspond to the static
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loading phase, as the rate of erosion is diminished (Fig. 5-5c). Tensional bending (fibre) 
stresses in the overthrust block are predicted 100 to 130 km north of the active fault (RDZ). 
The location of the tensional region at a particular time depends upon the magnitude of 
horizontal compression and the rate of erosion. This tensional zone corresponds approximately 
to the northern margin of the Ngalia Basin where major thrust faults developed in the 
Carboniferous (Wells and Moss, 1983), possibly due to reactivation of earlier faults formed in 
this tensional zone.
It is proposed that a similar thick-skinned fault was active at the southern margin of the 
Amadeus Basin corresponding to the root zone of the Petermann Ranges Nappe. The close 
correlation between the marked gravity gradients and the major crustal megashear zones (i.e. 
Petermann Ranges Nappe and the Woodroffe Thrust) at the southern margin of the Amadeus 
Basin (Forman and Shaw, 1973) suggests these faults may also penetrate deep into the crust. 
Such a deep-seated fundamental fault can explain the basin shape and width for depositional 
intervals 2 and 3, and is also consistent with evidence from basement clasts within the 
sediments indicating basement uplift. For example, modelling of an asymmetrical basin 2 km 
deep and 220 km wide developed against a fault (estimated for depositional intervals 2 and 3, 
Table 4-6, Fig. 5-2), requires a horizontal compressive stress of about 1 kb (1 to l.lE8Nm) 
and implies an effective elastic thickness of about 40 km and a flexural rigidity of about 
4.2E23Nm (adopting parameters in Table 4-6 and curve 3 in Fig. 5-3b). The maximum 
basement uplift to balance this subsidence is 1.4 km; basement uplift being less than the 
subsidence because of a reduced buoyancy force (Fmod = 33 000 Nm). On the other hand, for 
an effective elastic thickness of 20 km and lithospheric parameters summarised in curve 4 (Fig. 
5-3), the maximum uplift would be 1.3 km and the corresponding maximum subsidence 1.5 
km, for a horizontal compressive stress of about 1 kb (1.0E8 Nm).
5.2.3. The Peripheral Arch
The median ridge (Fig. 4-8), evident in the central part of the Amadeus Basin during 
depositional intervals 2 is taken to be a peripheral arch (Quinlan and Beaumont, 1984) 
produced by the loading of the crust by an uplifted block to the south. The distance from the
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postulated thick-skinned fault to the median ridge is consistent with loading across a 
fundamental fault, and suggests that the effective elastic thickness of the lithosphere was of the 
order of 30 km if 75 km or more of subsequent crustal shortening is assumed across the 
Petermann Ranges Nappe. Although some loading of the lithosphere by the nappe may have 
taken place, the width of the basin is too narrow to be explained entirely by a simple foreland 
loading model as put forward by Jordan (1981) and Beaumont (1981) without invoking an 
unacceptably small effective elastic thickness. The same controlling fault may have been active 
during depositional interval 3, as the median ridge shifted only marginally between the two 
depositional intervals. Because uplift at the peripheral arch to produce a bulge above sea level is 
slight little erosion or terrestrial sedimentation may be detected there. The thickness of 
sediment in the northern sub-basin is minor, as expected for a secondary basin, north of a 
peripheral arch, and most of this sediment was deposited in the next phase discussed below 
(thicknesses are 300 m and 700 m for sequences 2 and 3 respectively at the north central edge 
of the basin; cf Table 3-17). In this model the northern sub-basin is analogous to the Michigan 
basin in the model of Quinlan and Beaumont (1984) except that it is a consequence of formation 
as a tilted-fault basin rather than a foreland loading basin.
5.2.4 Transgressions following the contractile stage
The widespread transgression during the later part of depositional intervals 2 and 3 can 
be explained by a drop in magnitude of the maximum principal (horizontal) stress following the 
main compressional event Emplacement of the Mud Tank Carbonatite during the final stages 
of depositional interval 3 may also be a consequence of such a phase of reduced compressive 
stresses. If the fault becomes locked the lithospheric load will be redistributed over a 
continuous plate. Consequently, the basin will widen from K vJ2 km to roughly 3/4 K a  km 
where a  is the flexural parameter of the lithosphere (i.e. the basin will widen by about 25 per 
cent) producing widespread transgression and possibly the resumption of sedimentation in the 
back-basin behind the thick-skinned fault (Fig. 5-5 (c)). The redistribution of the load, as the 
plate changes from a broken to a continuous one, causes the depocentre of the main basin to 
migrate.
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The basin depocentre will tend to progressively migrate away from the fault during 
periods of rapid erosion once the compression is removed and towards the fault once the 
erosion rate has dropped.
At the same time the southern limit of the basin will migrate away from the fault. For a 
plate with an effective elastic thickness of 30 km, the basin will rapidly expand from 127 km to 
about 200 km, once the fault becomes sealed, and will expand beyond 200 km as the mountain 
is eroded and the load redistributed. Only when the rate of erosion has been substantially 
reduced will bending (fibre stresses) under the upfaulted block be tensional.
This effect provides a potential test of this aspect of the model since the resultant 
transgression will not be preceded by substantial erosion at the peripheries of the basin. The 
transgression of the Pertatataka Formation and Winnall beds in parts of the Amadeus Basin late 
in depositional interval 3 may be examples of such a feature, as may the transgression of the 
Aralka Formation during deposition of interval 2.
A widespread unconformity produced by a widening of the basin once the master fault 
is sealed may be represented by the break at the base of the Pertatataka Formation in the eastern 
Amadeus Basin (Freeman , NTGS, pers.comm., 1986). A similar break between the Oorabra 
Arkose and the Mopunga Group in the southwest Georgina Basin suggests a similar switch 
from contractile to static conditions there (Fig. 4-li.e. between units E and O in the Amadeus 
Basin and units OA and MP (Toomba Movement) in the Georgina Basin. In the Amadeus 
Basin continuity between the Pertatataka Formation and the Winnall beds is predicted at this 
stage.
Increased subsidence will also take place with the change from a broken plate to an 
unbroken plate, because the effective vertical load will increase by a factor of 2 (Turcotte and 
Schubert, 1982) and because the load of the uplifted mountain (T in Fig.5-4 c) will combine 
with the load of the sediment 2-km deep, water saturated sediments (density 1.7 Mg m-3), 
extending 200 km south of the fault, combined with the load of the mountain (T, density 2.7 
Mg m-3) will induce a total subsidence of the lithosphere of up to 1.3 km, centred over the 
uplifted block. This subsidence will add to that of the earlier fault-controlled displacement,
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itself enhanced by simultaneous erosion of the uplifted region and deposition into the trough. 
The net result could be up to 3 km of total subsidence.
5.2.5 Is the Ngalia Basin a Back-Basin?
The Ngalia Basin shows many of the features of a back basin, for example:
1) Its distance from the northern margin of the Amadeus Basin is consistent with a value of 
7C/2a, where a  is the flexural parameter of the lithosphere (see Fig. 5-4), if allowance is made 
for subsequent crustal shortening during the Alice Springs Orogeny.
2) It has a reduced thickness compared with the main basin.
3) It underwent as many periods of uplift and erosion as it did periods of subsidence.
5.2.6 En-echelon troughs in the Georgina Basin
The northwesterly belt of narrow en-echelon troughs in the western Georgina Basin is 
interpreted to have formed on the down-throw side of a series of tilted fault-blocks which 
developed by right-lateral (dextral) oblique slip fault movements during compression. Thus, 
the same N-S shortening which produced the east-west Amadeus and Ngalia basins here, 
resulted in narrower, northwesterly-trending basins. The northwesterly alignment of the en- 
echelon basins appears to follow a pre-existing line of weakness near the province boundary. 
For oblique tilted fault-block basins to form here, the steep faults on the northwest margins of 
the Keepera and Adam Troughs (Fig. 4-8) must be northeast, reverse faults and the Walabanba 
Fault Zone needs to be southeasterly dipping. The dip of the faults is at present unknown, but 
provides a potential test for the model, as the controlling faults in pull-apart basins would be 
sub-vertical and extensional faults formed at the edge of half-grabens would dip in the opposite 
sense towards the basins. Unfortunately, these faults were reactivated during the compressional 
Alice Springs Orogeny making reconstruction of fault dip difficult.
5.2.7 Other plausible contractile models
Lambeck (1983, 1984) has proposed that the Amadeus Basin formed by application of 
in-plane compression to initially unfaulted lithosphere acting in two stages for periods as long
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as 200 to 300 Ma. In this model pre-existing perturbations, modelled as a spectrum of 
embryonic deflections, undergo elastic magnification and grow due to viscoelastic relaxation, 
provided that the dampening effect of buoyancy forces is reduced by the erosion of uplands and 
that sediment fills the growing depressions. A principal prediction is that the evolving basin 
increasingly deepens and contracts towards the rising basement region provided that horizontal 
compression is maintained. If the compression is reduced then the reverse eventually occurs 
provided that the stress (is horizontal). Consequently, the model cannot explain the southwards 
expansion of the Amadeus Basin. At the same time (e.g. early Middle Cambrian) the 
Georgina Basin underwent increased subsidence and expansion, implying that the mechanism 
controlling subsidence was operating on the scale of both basins. Also, because the 
viscoelastic magnification model requires north-south in-plane compression to persist for the 
order of 200 Ma or more to allow significant viscoelastic stress relaxation to take place, it 
cannot account for episodic sedimentation during the first 200 Ma of basin development. 
However, this model may conceivably explain the small amounts of deflection preceding the 
thrust belt development at the northern margin of the Amadeus Basin during the Alice Springs 
Orogeny. Specifically, the basins formed within the Amadeus Basin during depositional 
interval 8 and in the initial stages of depositional 9 were controlled by the same geological 
structures that become more manifest during the climax of the compressional Alice Springs 
Orogeny. Yet, these basins show no direct evidence of fault control. The basin widths are also 
comparatively narrow, consistent with predictions of Lambeck's model of a final basin width 
of the order of 130 km. The depocentre also contracted towards the rising basement during 
depositional intervals 8 and 9 as predicted by the model. However, the narrowness of the 
basins may also be explained by shortening of the cover sequence above a detachment zone 
within the sequence. The narrowness of these basins could also be explained if the Gardiner 
Thrust were a thick-skinned feature as suggested by Schroder and Gorter (1984). To date, 
geophysical techniques have not resolved the depth extent of the Gardiner Thrust. Furthermore, 
the Gardner Range compressional structure was initiated, but ceased to be active during 
deposition of interval 8 (Mereenie Sandstone) and a complex set of sub-basins formed during 
the first stage of depositional interval 9 (Unit A = Parke Siltstone). The basins do not show the
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progressive development of shape predicted by the Lambeck (1983) model. In particular they 
do not progressively contract in width to a relatively narrow basin (lcrit =130 km).
5.2.8 Summary of Contractile Models
The pattem of an early phase of deep, relatively narrow, markedly asymmetrical basin 
development, followed by widespread transgression during both depositional intervals 2 and 3, 
may be explained by a thick skinned fault model for the southern margin of the Amadeus Basin 
where the fault becomes sealed and the magnitude of the principal compressive stress drops in 
the last phase of basin development. Geophysical modelling of the crustal structure north of 
the Amadeus Basin (Chapter 2), combined with isotopic data (Chapter 3), show that a complex 
zone of thick-skinned faulting occurred in the late stages of formation of the Amadeus Basin. 
Consequent synorogenic sedimentation accounts for 20% to 30% of the total basin fill.
5.3 Extensional Model
5.3.1 Introduction
There is an obvious correlation between the development of a passive margin to the 
Tasman Geosyncline, centred on the Warburton Basin in the Early to mid-Cambrian, and the 
rapid increase in subsidence in the central Australian basins. Lindsay and Korsch (in press) 
have proposed that the central Australian basins formed as a result of two long-lived periods of 
simple extension, followed by periods of thermal relaxation (McKenzie, 1978). Such a model 
is too simplistic for the central Australian basins as they show no extensional faulting, lack 
rapid facies changes, and show complex sub-basin development. There is no two-stage 
subsidence as in the McKenzie Model. Moreover, the subsidence was well removed from the 
obvious site of extension at the passive margin. We have, therefore, explored the detachment 
model (Lister et al, 1986; 1987) as an alternative cause of the rapid and widespread subsidence 
in central Australia.
Three interpretative cross-sections are constructed across central Australia to show how 
basin-shapes during depositional intervals 4 and 5 can be explained in terms of a stepped (i.e.
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ramp/flat) detachment model. An outline of the model (Figure 5-7) is followed by a discussion 
of several basin features which can be explained by the model. The sections are located in 
Figure 5-8 and cover (1) the Georgina Basin (section AB), (2) the eastern Amadeus Basin 
(section CD) in the Early Cambrian, and (3) the eastern Amadeus Basin (section CD) in the 
mid-Cambrian.
5.3.2 Description of the Model
The model adopted here builds upon the work of Lister et al (1986, 1987). A major flat 
zone of extensional detachment is envisaged to separate an upper plate, showing minimal signs 
of extension except at its margins, from a highly stretched lower plate. Earlier extensional 
models of this type incorporated detachment zones, envisaged to be low-angle normal faults, 
which cut through the entire lithosphere (Fig. 5-6 (a); compare with Wernicke, 1985). 
Extensional models combining flat detachment zones with pure shear extension of the lower 
crust and mantle (Fig. 5-6 (b)) lead to the horizontal transfer of lithospheric extension across 
the zone of detachment, giving rise to major lateral separation of regions of upper plate 
extension (upper crust) from regions of extension in the lower plate (lower crust and mantle) 
(Wernicke, 1985). As a consequence, syn- and post-rift subsidence can be offset from surface 
rifting and eventually from the continental margin highly structured by rifting (Fig. 5-6 (c)). In 
the case of extreme extension, the zone of ductile stretching in the lower plate will rise towards 
the surface (Fig. 5-6 (d)). If flat detachment zones develop at mid-crustal levels and near the 
Moho, the sub-crustal lithosphere can be stretched and pulled from beneath the crustal upper 
plate without extending the overlying crustal plate (Fig. 5-6 (e)). A ramp syncline (basin) may 
form in the hanging wall side in the step of the detachment zone as it switches from mid-crustal 
to Moho depths (Fig. 5-6 (f)). Marginal plateaux can result from these mid-crustal detachment 
zones developing below weakly extended upper crust. Transfer faults (Gibbs, 1984) 
accommodate substantial differences in along-strike displacement or rapid changes on the level 
of detachment. Steps between levels of detachment produce synclines or ramp basins (Gibbs, 
1984), on the hanging wall side of the ramp where it steps down from a mid-crustal level to 
Moho depths. Flexing of the upper plate is required to maintain the constraint of plane-strain.
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Ramp basins may develop without major faulting of the upper plate. Ramp basins do not 
require concurrent uniform stretching of the lithosphere below the detachment zone. Post-rift 
subsidence, however, may be maximised if such stretching takes place. Upper plate passive 
margins tend to be relatively narrow and structurally simple (Lister et al, 1987, Fig. 8(b)). The 
normal faults dipping shallowly back towards the continent in detachment models may be 
obliterated during the subsequent sea-floor spreading phases or overprinted by steep, widely 
spaced normal faults.
In central Australia, the lithosphere is modelled to be severely and uniformly stretched 
(ß > 3) below a sub-horizontal, mid-crustal detachment zone passing under the eastern 
Amadeus and Georgina basins. Because most of the extension is concentrated in the lower 
plate, the upper plate may undergo only minimal extension ( ß= 1 to 1.2), thereby accounting 
for the unfaulted nature of the basins. As extension proceeds the asthenosphere rises and the 
lithosphere is uplifted due to thermal expansion and decreasing density. Following rifting, 
relaxation of thermally induced buoyancy forces results in marked subsidence, which 
progressively decreases as the lithosphere cools. It is very difficult to induce syn-rift 
subsidence in extensional models without thinning the crust. The model predicts that maximum 
syn-rift subsidence will occur when the crust above the mid-crustal detachment zone is thinnest 
and the amount of crustal stretching below the detachment zone is severe. Zones with 
markedly different degrees of extension are separated by transtensional zones which act as 
transfer faults (Gibbs, 1984).
The model explains the several otherwise enigmatic features in central Australia listed
below.
1) The synchroneity of basin development in the mid-Cambrian and also in the latest 
Precambrian.
2) The disappearance of the mid-basin ridge with the onset of depositional interval 4, 
the partial breaching of the Arunta landmass during the Cambrian, and the vast extent of the 
mid-Cambrian subsidence episode, which are all consistent with widespread thinning of the 
crust.
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3) Why there are no well developed extensional structures in the upper crust at the time 
of massive volcanism in the region at the periphery of the basins. Such subsidence could not be 
explained by a simple McKenzie (1978) rifting model.
Variations in the depth to the mid-crustal detachment zone ( that is the 3D shape of the 
detachment) or in the amount of sub-detachment stretching may explain why some parts of the 
region, such as the westernmost Amadeus Basin and the Davenport Ranges, rise, while other 
parts, such as the eastern Arunta and the Georgina Basin subside. However, this does not 
explain the 'local' subsidence in the northern Amadeus Basin during depositional interval 4.
It is proposed that a sub-horizontal detachment zone formed near the boundary between 
the upper and lower crust and surfaced at the continental margin to the southeast within the 
Warburton Basin where bimodal volcanism is evident. The extension was related to sea-floor 
spreading to the southeast of the continent (Fig. 5-8). The extension may have also accompany 
mild intra-plate spreading centred on the Officer Basin. The zone of maximum extension was 
centred over the Georgina and eastern Amadeus basins. To the east and west of this zone the 
amount of extension was much less. Major transtensional zones separate the more extended 
zones from less extended regions. The dip proposed for the central Australian detachment zone 
is shallow, but similar to that adopted by Lister et al (1987) to explain subsidence on marginal 
plateaux. The detachment zone is not exposed, but several arguments can be advanced in 
favour of such a structure.
1) The subsidence history for the mid-Cambrian onwards is suggestive of a thermally 
contracting lithosphere in a region lacking evidence of upper crustal extension such as normal 
faulting or rapid facies changes. In the latest Cambrian a pause occurred in an otherwise simple 
pattem of exponentially decreasing subsidence, and can be explained by a brief congressional 
episode corresponding to the Delamerian Orogeny.
2) The progressive widening of the Amadeus Basin is consistent with severe 
lithospheric thinning, followed by slow cooling and thickening.
3) The scale of the subsidence implies that the whole crust was involved over an 
extensive region.
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4) Extensive mantle melting is indicated by massive outpourings of plateau basalts at the 
periphery of the central Australian basins. Such melting is readily explained by uplift of mantle 
isotherms during extension.
In this detachment model, subsidence occurred in the upper plate well inboard and 
northwest of the continental margin where the detachment zone reaches the surface at the edge 
of craton The Warburton Basin is predicted to have been a marginal plateau-like feature (e.g 
like the Exmouth or Queensland Plateaux). At this passive continental margin a complex 
asymmetrical zone of normal faulting may be present or may have been obliterated by later sea­
floor spreading or high-angle normal faulting. Stretching below a mid-crustal detachment zone 
is severe so that a wide belt of subsidence extended under much of the Amadeus, Ngalia and 
Georgina basins as shown in Figure 5-8. The model can thus explain sustained loading of the 
continent over a region that exceeds the limit possible by flexure of a cooling lithosphere 
subject to a load as in foreland loading models. The flexural reach of foreland loads emplaced 
on the lithosphere cannot exceed 500-600 km (Quinlan and Beaumont, 1984).
It is important to note that in the model extension is in a northwesterly direction and that 
near neutral or even compressional conditions may apply in the southwest direction.
5.3.3 The reason whv subsidence is consistently preceded bv uplift
A regional break, indicating widespread uplift, occurred in or just before the earliest 
Middle Cambrian (Ordian) and is marked by the disconformities at the base of the Chandler 
Limestone in the Amadeus Basin, and the base of the Arthur Creek and Gum Ridge 
Formations in the Georgina Basin. An earlier regional break inferred at the base of the Errarra 
Formation in the Georgina Basin suggests an earlier, but less extensive regional uplift followed 
by transgression in the Georgina Basin at the end of depositional interval 4. The coeval events 
in the Amadeus Basin affect only its eastern edge.
Subsidence preceded by uplift is readily explained by the model. As the depth to the 
mid-crustal detachment zone is increased, a point is reached when the thermal uplift exceeds the 
subsidence due substantially to crustal thinning. As a result, the surface may be uplifted 
slightly before subsidence occurs. The same type of short-lived regional uplift preceding
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widespread subsidence has been modelled by Lister et al (1987) for subsidence on marginal 
plateaux. If the parameters assumed by Lister et al (in press), were adopted then the point 
where slight uplift occurs is reached when the upper crustal plate is in excess of about 20 km 
thick. In the example quoted by them, uplift at the end of the rift phase may be as much as 500 
m above sea level, but the post-rift thermal subsidence may result more than 2 km of total 
subsidence.
5.3.4 Ramp Basins in central Australia?
The narrow, relatively symmetrical, basins formed in the Amadeus Basin during 
depositional interval 4 can be modelled as ramp basins (Fig. 5-7 (b)), which can form without 
major faulting of the upper crust. The ramping is envisaged to have occurred at a zone of 
previous crustal thickening south of a pre-existing crustal boundary marked by the RDZ. The 
Amadeus sub-basins during depositional 4 appear to have formed in two stages, each preceded 
by a short-lived hiatus. Such a subsidence history may be explained by ramping concurrent 
with sub-detachment stretching localised under the ramping detachment zone.
5.3.5 Extensional pull-apart basins?
Within the kinematic regime inferred for central Ausralia for the latest Precambrian and 
early Cambrian, it is possible that northwest-trending basins in the western Georgina Basin are 
extensional pull-apart basins. Specifically, these are the basins occupied by the Central Mount 
Stuart and the Mount Baldwin beds, both of which occupy northeasterly trending troughs 
(Features 1 and 2 in Fig. 5-8). Other possible pull-apart basins (Features 3, 4 and 5 in Fig. 5- 
8) include the enigmatic Mount Currie sub-basin and the narrow basin west of the Dennison 
Ranges in South Australia.
5.3.6 Transfer Faults in central Australia?
Transfer faults allow segmentation of an extending terrain into zones with differing 
amounts of extension or patterns of normal and detachment faulting. They are analogous to 
oceanic transform faults (Gibbs, 1984). Where the extensional strain in the upper plate is low
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and extension is significantly oblique as may be the case for the East African rift, for example 
(Rosendahl, 1987), then broad extensional or transtensional zones of accommodation may 
develop rather than transfer faults. Zones of markedly different amounts of displacement on 
detachment faults in central Australia may be separated by northwesterly trending transfer faults 
in the stretched lower plate, which are expressed in the upper plate as weak zones of fracture 
and accommodation. For example, Cook (1971) has drawn attention to a line of 
discontinuous, discordant structures that cross the Amadeus Basin, expressed principally as the 
Goyder Pass and Illamurta Yard Structures (Fig. 4-9). The feature continues to the southeast 
as the Henbury-Lake Eyre Gravity Trough. He suggested that these structures may represent 
an extensional zone. The limit of Cambrian carbonate deposition and the western limit of 
marine deposition are close to this zone. This feature may conceivably be the surface 
expression of a major transfer fault, which caused minor disruption of the passive upper plate 
and controlled the western limit of marine deposition.
Where such a buried transfer zone fault intersects an old province boundary, suture or 
other zone of crustal weakness, then dilational interference structures may produce localised 
basins. The localised, northwest trending depocentres and highs in the western Georgina Basin 
may be of this type.
Relatively unextended zones beneath the mid-crustal detachment zone which give rise to 
minimal subsidence may be isolated by transfer faults from zones of more intense deformation. 
In this way, elongate highs bounded by transtensional zones may form. The region occupied 
by the Davenport Ranges and the emergent region between the Ngalia and Georgina basins may 
be examples of such less extended regions.
5.3.7 The timing of rifting events
Inferred Cambrian rifting events and their relationship to extension below a mid-crustal 
detachment zone are summarised in Table 5-1. Two phases of incipient rifting, one with a time 
span of roughly 25 Ma and the other of the order of 35 Ma, are followed by a major phase of 
rifting lasting about 15 Ma and then a transitional phase characterised by small scale, but 
widespread, rapid uplift succeeded by slow subsidence. An ensuing period of fairly rapid
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subsidence, lasting about 70 Ma, may be due to thermal subsidence as a result of cooling and 
contraction of the lithosphere. Extension driven by stretching below a detachment zone was 
possibly developed over a large section of the continent. It is estimated to have been initiated at 
roughly 630 Ma, and reached a peak in the period extending from 570 Ma and 555 Ma. Such a 
period of long term extensional tectonism agrees with the time of breakup of a supercontinent 
which included Australia and North America (Bond et al, 1984). The time of breakup is 
estimated from the extrapolation of post-rift subsidence back to the point of zero subsidence 
(initiation of lithospheric cooling) to have occurred between 625 Ma and 555 Ma .
5.3.8 Problems with other extensional models
The central Ausralian Basins do not show the simple two-stage development of a phase 
of rapid initial subsidence, presumed to be due to lithospheric extension, followed by slow 
subsidence ascribed to lithospheric cooling (e.g McKenzie, 1978). Consequently, this type of 
model, which has been suggested for the Adelaide Geosyncline (Von der Borsch, 1980; Preiss, 
1983), is not applicable. Similarly, the regions showing greatest uplift in the Late Proterozoic 
and Early Cambrian are not the regions of greatest subsidence, which was predicted by the 
dynamic mantle plume model of Houseman and England (1986). Such a model may be tenable 
if the rising plume resulted in widespread detachment. Neither is the regional uplift preceding 
subsidence of the magnitude (about 1 km; Mareschal, 1983) expected from a widespread 
thermal anomaly induced by simple magmatic underplating. Thermal models which rely on the 
metamorphic transformation of middle or lower crustal rocks to those of higher density (e.g. 
basalt to eclogite as proposed by Artyushkov and Baer, 1985; or greenschist to amphibolite as 
proposed by Middleton, 1980) are not viable for the central Australian basins because the 
basement was multiply metamorphosed up to granulite grade before basin subsidence began 
(Shaw et al, 1984).
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5.4 Subordinate Controls on Basin Formation
5.4.1 Introduction
Variations of the two favoured models of basin formation can explain subsidence in 
several of the other depositional intervals as well as those specifically modelled above. In 
particular, several processes when added together tend to accentuate a pre-existing basin and 
allow deposition to continue without there being a major change in tectonic driving force. At 
the same time, some changes in basin shape may occur. Such processes include those of 
viscoelastic stress relaxation, simultaneous erosion and deposition of flexed lithosphere, 
differential compaction, the persistence of topography, and externally derived rises in sea level. 
Other important factors are changes in lithospheric thickness due to cooling and changes due to 
upper crustal deformation.
5.4.2 Lithospheric Thickness
For simple models where the lithospheric flexure is due to vertical forces, such as 
sediment load acting on an elastic lithosphere, the width of the basin is dependent on the 
effective elastic thickness of the lithosphere. The continued widening of the basin throughout 
interval 6 is consistent with thermal decay and thickening of the lithosphere continuing from 
interval 5. For much of the rest of the history of the Amadeus Basin after interval 6, the basin 
widths are consistent with simple flexure of a lithosphere which had an effective elastic 
thickness of about 20-40 km. The one exception is the narrow basin width during depositional 
interval 9 (i.e. 9A in Fig. 5-2). This reduction in basin width may have been due to either 1) 
rapid thinning of the lithosphere, 2) upper crustal deformation or 3) flexing of the lithosphere 
under compression as in the viscoelastic flexural model of Lambeck (1983), just before failure 
resulted in the shearing along the RDZ.
5.4.3 Viscoelastic Stress Relaxation
The effect of stress relaxation is to produce a narrowing and deepening of a pre-existing 
basin. Stresses may be relaxed due to flow in the lower crust and/or lithospheric mantle. The
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time-scale of stress relaxation is poorly known, but the fact that Airy isostatic equilibrium is 
widely and rapidly attained in many terrains suggests it is an important phenonemon. Stress 
relaxation takes place by flow in zones of reduced strength in the lower crust and/or the upper 
mantle. The effects of stress relaxation are commonly masked by widening lithospheric flexure 
as a result of lithospheric cooling and thickening, as demonstrated for oceanic crust by 
Courtney and Beaumont (1983). If the time scale for stress relaxation is less than the thermal 
time constant for lithospheric cooling then a basin may initially contract before it progressively 
widens, as appears to be the case during depositional interval 6.
5.4.4 Simultaneous erosion and deposition of a flexed lithosphere.
The effect of simultaneous erosion of lithospheric upwarps and deposition into 
downwarps is to accentuate those features, as explained for the contractile model. Tnis effect 
may be important during depositional interval 6, and is thought to be a major process during 
deposition of interval 8, which involves sustained erosion over a long period.
5.4.5 Pre-existing Topography
Due to the fact that topography may last for periods in excess of the erosional time 
constant of 50 Ma (England and Richardson, 1980), an existing basin shape may be partly 
retained even though the principal tectonic driving forces have changed. Topography, 
established during depositional intervals 2 and 3, tended to persist into later periods so that the 
shape of the Amadeus Basin was maintained to some extent, thereby obscuring, to a degree, 
any change in mechanism. However, in the Georgina Basin where the prexisting topography 
after interval 3 was very localised, the change in mechanism during intervals 4 and 5 was made 
more apparent by an abrupt and large change in basin width and shape. These relationships 
suggest that the topographic relief was minimal in the Georgina Basin at the time of the 
transgression late in interval 5. Less crustal shortening there during depositional intervals 4 
and 5 would mean a flatter landscape.
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5.4.6 Changes in Sea-level
World-wide changes in sea level, such as those due to 1) melting of ice sheets after the 
late Proterozoic glaciations, or 2) changes in the rate of sea-floor spreading (Pitman, 1978) may 
result in major transgressions, the limits of which are controlled by existing topography. Such 
sea-level changes are likely to have affected subsidence in the later part of depositional intervals 
2 and 3 to some extent The subsidence in a basin flooded with 100 m of water, which is then 
displaced by sediment of density 2.4 Mgm-3, produces a total of 340 m subsidence, assuming 
Airy isostatic conditions. As sea-level changes are unlikely to have exceeded 100 m (Vail et al, 
1977) changes in sea level cannot account for sediment accumulations greater than about 300- 
400 m, and, therefore, cannot on their own account for the development of any of the central 
Australian sequences, all of which have thicknesses in excess of 900 m.
5.4.7 Differential Compaction
Addition of overburden as a widespread blanket can induce greater subsidence over the 
deepest parts of pre-existing basins. The amount of compaction depends primarily on the 
thickness of the overburden. For this reason, when subsidence occurred over much of central 
Australia at the time of the major transgressions, the greatest subsidence was partly dictated by 
pre-existing variations in sediment thickness. Consequently, during deposition accompanying 
the transgressions in depositional intervals 2, 3, 5 and 6 the previous basin shape was partly 
maintained (see Figs 4-8 and 4-10).
5.4.8 Upper Crustal Deformation
It is suggested that deformation evident in the upper crust initiated sub-basin formation 
during depositional interval 8 and partly controlled sub-basin development during depositional 
interval 9. Upper crustal deformation may significantly alter basin shape independently of the 
main processes affecting the lithosphere. For example, during the Alice Springs Orogeny, 
basement-cored and cover nappes moved out into the basin as the cover sequence, with some 
basement attached, slid away from the rising basement. Detachment of the cover sequence 
from the basement was facilitated by the presence of salt within sequence 1 (lower Gillen
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Member of the Bitter Springs Formation). As a result the cover sequence was progressively 
uplifted in front of the advancing nappes, and a trough formed during depositional interval 9, 
bounded by uplift initially on the AH and the James Range Anticline-Gardiner Thrust structure 
(Fig. 5-1). Thinning of sequence 6 over the Gardiner Thrust-Anticline suggests shortening 
across that structure before or during the initial stages of deposition of sequence 8 (Mereenie 
Sandstone). Significantly, the half-widths of the basin produced during interval 8, and the 
early part of interval 9 were relatively narrow, consistent with control by upper crustal 
structure. Detachment of the lower part of the sequence from the upper part, combined with 
salt flowage into antiformal regions, is another control on basin shape by upper crustal 
structure, and is argued to be a major control by Lindsay and Korsh (in press).
5.5 The lithosphere as a stress-guide
Basin development in central Australia appears to have been sensitive to processes 
occurring at the continental margin, suggesting that the lithosphere was acting as a stress-guide 
over large distances (Richardson et al, 1979; Cloetingh and Wortel, 1985).
High levels of compression maintained over extended periods of up to 50 Ma may lead 
to broad elongate basins if they are driven by major fundamental shear or convergent 
subduction zones that penetrate the lithosphere. The Late Devonian molasse sediments of 
sequence 9 (Pertnjara Group) formed in front of the uplifted blocks at the same time as a 
foreland basin (Drummond and late Adavale basins) developed behind the convergent Andean- 
type margin inferred in the northern part of the New England Fold Belt (Murray, 1986). This 
compressional event also corresponds with the compressional Kanimblan deformation evident 
in the Hill End Trough in the Lachlan Fold Belt (Powell, 1976; Powell et al, 1977).
In cases where a major compressional event did not lead to activity on such fundamental 
faults as the Redbank Zone, the central Australian craton appears to have undergone broad- 
scale uplift. For example, the contractile Delamerian Orogeny which produced the Kanmantoo 
Fold Belt in the latest Cambrian is reflected in the Amadeus Basin by a faunal break at the base 
of seqence 6 (Larapinta Group). At the same time as the Benambran Orogeny in the Lachlan 
and Thompson fold belts in the latest Ordovician to earliest Silurian, the Rodingan Movement
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in central Australia resulted in widespread emergence which continued during (Fig. 4-17 iii) 
much of the Silurian (20 Ma +)• The Middle Devonian convergent event in the Tasmanides 
(Tabberabberan in S.E. Australia, Fergusson et al, 1986; unnamed in Queensland, Murray, 
1986) appears to correspond to a short-lived break in sedimentation represented by the 
unconformity at the base of sequence 9 (Peitnjara Movement at the base of the Parke Siltstone).
When in-plane lithospheric stresses were not strongly compressive or tensile the central 
Australian region tended to partly maintain the regions of uplift or subsidence from the previous 
depositional interval. For example, the Early Devonian sub-basin of sequence 8 (Mereenie 
Sandstone) developed as an extension of longer-lived subsidence in the Canning Basin. East- 
northeast trending hörst and graben-like structures (Forman and Wales, 1981) there suggest 
mild extension or development in a strike-slip regime. Small scale extension modified by 
dextral translation on several master faults also controlled the formation of narrow troughs in 
the eastern Lachlan Fold belt (e.g. Cowra, Hill End, and Murruin troughs; Degeling et al, 
1986). Deposition of sequence 8 therefore may have been initiated in a mildly tensional 
regime. Similarly, sequence 6 was also deposited during a period of comparitive stability.
The large scale behaviour of the Australian lithospheric plate as illustrated by the history 
of basin subsidence and basement uplift history in central Australia has implications for the 
rheological behaviour of the crust and sub-crustal lithosphere.
Documentation of basement uplift and basin subsidence in central Australia over a 
period from 1400 to 300 Ma suggests the following features about the structure and nature of 
the lithosphere that controlled the behaviour of the central Australian lithospheric behaviour 
there.
1) If the horizontal compressive stresses are high enough and the thermal regime is 
favourable, major 'thick-skinned' shear zones may be reactivated at fundamental crustal 
boundaries. Under these circumstances there is a 1:1 coupling between basement uplift and 
nearby basin subsidence. An example of this behaviour is the reactivation of the RDZ at 300- 
400 Ma.
2) If horizontal extensional stresses are high enough and the thermal regime favourable, 
major extensional detachment zones may be initiated within the lithosphere and separate zones
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of minimal deformation in the upper plate from large-scale thinning and extension of a lower 
made up of lower crust and lithospheric mantle. Subsidence is then driven substantially by 
cooling and contraction of the thinned lithosphere without disruption of the upper crustal plate 
by extensional faulting. This model of lithospheric behaviour is speculative and requires much 
more testing than was possible during the present study. A possible example of this type of 
lithospheric behaviour is the widespread rapid subsidence in the central Australian basins 
evident in the mid-Cambrian.
3) If the horizontal compressive stresses are not high enough and/or the thermal regime 
is unfavourable, then uplift appears to take place over wide sections of the lithospheric plate. 
For this reason, there is a close correlation between compressive tectonism at the Australian 
plate margin and the eventual formation of unconformities in the plate interior. This behaviour 
implies some degree of viscous or ductile behaviour and also suggests that, at the same time, 
the lithosphere had sufficient strength to act as a stress guide. An example is behaviour is the 
widespread uplift across the central Australian basins corresponding to the Delamerian Orogeny 
at the plate margin to the southeast at the end of the Cambrian.
4) If the horizontal stresses are not strongly positive or negative basin subsidence may 
still persist due to a variety of mechanisms including simultaneous erosion and deposition, 
progressive decompaction, and stress relaxation. A possible example of this type of behaviour 
is the development of the sequence 8 (Mereenie Sandstone) basin late in the history of the 
Amadeus Basin.
The central Australian basins provide an example where compressive stresses, induced 
during orogenic events, appear to have been transmitted for up to 1000 km or more, from a 
presumed collision plate boundary across the continent using the lithosphere as a stress guide. 
This finding is similar to that documented by Ziegler (1987) from Late Cretaceous and 
Cenozoic intra-plate deformations in the Alpine foreland of Europe. Similarly, extensional 
stresses appear to be transmitted over similar distances. Only when the stresses are 
exceptionally high and the geothermal gradient moderately low (e.g. 25°/km) is reactivation of 
sealed intra-plate boundaries likely to occur.
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5.6 Sub-plate Decoupling
Decoupling within the plate along pre-existing zones of weakness is recognised during 
several depositional intervals. In the Late Devonian and Early Carboniferous, central Australia 
was decoupled from the Fitzroy Graben which was dominated by rifting and transtension 
(Smith, 1984). The sub-plate boundary corresponds to the Halls Creek Mobile Belt and its 
southern extension is recognised as a major crustal feature the Angus (Gravity) Lineament (Fig. 
4-12) (see Forman and Shaw, 1973 ; Shaw et al, 1984). The Diamantina River Lineament and 
its extension may also have acted as a sub-plate boundary between a region of north-south 
compression and a region of east-west compression during the same period (Figs. 4-18 (i) and 
(ii)). Similarly, the Darling River and Cobar-Inglewood Lineaments (Degeling et al, 1986; 
Bourke Transition Zone of Mathur and Shaw, 1982) acted as a sub-plate boundary between the 
Lachlan and Thompson fold belts from the Cambrian to the end of the Silurian (Fig.4-17).
5.7 Conclusions on the evolution of the Amadeus Basin
The central Australian intracratonic basins represent 600 Ma of complex depositional 
history. Pre-existing basement framework exercised a major control on the shape of the 
developing basins, but their present-day margins are partly the result of late-stage tectonism. 
The basins cannot be explained in terms of one simple mechanical model. Rather, a sequence 
of basin-forming mechanisms produced a series of basins characterised by distinctive shapes 
and subsidence histories. Each basin-forming episode lasted between 50 and 100 Ma. The 
tectonic framework and topography established during any one episode of basin formation only 
partly dictated the distribution of sedimentation in the following period when a new mechanism 
of lithospheric deformation was in operation.
Because the basins may have been relatively close to a developing continental margin 
for at least part of their history, they were affected by processes both at that margin and in the 
more active Tasmanide region further east. Large-scale extension at the continental margin in 
the mid-Cambrian thus affected sedimentation in a northwesterly trending belt in central 
Australia. In contrast, when compression was strong enough to lead to crustal shortening on 
thick-skinned faults and shears, then east-west basins appeared to develop.
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A different pattern of subsidence in the western Georgina Basin reflects local structural 
control. The Georgina Basin lies at the margin of the Arunta Block, and its basin development 
was partly controlled by changes in lithospheric thickness between the two regions and partly 
by boundary conditions. Oblique-slip faults are inferred to have formed at the margin of the 
central Australian region to either 1) accommodate large amounts of shortening in the central 
region or 2) respond to underlying transfer faults, inferred in the detachment model to have 
been possibly active in the Cambrian. At the southwestern margin of the Georgina Basin, the 
interference between an underlying transfer fault and an old province boundary resulted in 
reactivation of the lithospheric boundary. Oblique movement on these faults resulted in 
narrow, elongate, secondary basins resembling half-grabens.
Nine main depositional episodes characterised by the development of distinct basins are 
recognised for the Amadeus Basin.
1) The subsidence mechanism that initiated the Amadeus Basin is unclear. Mafic dyke 
swarms preceding the earliest Amadeus Basin sediments imply limited extension although the 
lack of rapid facies and thickness variations suggest minimal upper crustal extension. The 
smooth regional non-conformity at the base of the sequence is consistent with a simple thermal 
model. Northerly trending sub-basins formed at the eastern and western margins of the 
presently preserved central Australian basins.
2) An episode of subsidence followed the first Late Proterozoic glaciogenic period and 
extended from some time before 800 Ma to roughly 700 Ma. In the Amadeus Basin the sub­
basins that formed were broad, asymmetrical, east-west trending and characterised by lateral 
continuity of facies except for local conglomeratic facies near the basin .margin. Basement 
involvement in the initial stage, as indicated by syndepositional basement clasts, is suggestive 
of a contractile tilted-block basin involving thick-skinned fault zones that penetrate deep into the 
crust and may reach the mantle.
3) An analogous episode of subsidence started with the second Late Proterozoic 
glaciation at roughly 700 Ma and lasted until about 630 Ma. The Petermann Ranges Nappe 
may have formed in the final stages of this compressional tectonism.
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4) In the latest Precambrian and earliest Cambrian, proximal sediments from an elevated 
source region were deposited in narrow basins that appear to have been precursors to rapid and 
widespread subsidence. It is speculated that the two sub-basins formed in the northern 
Amadeus Basin may be ramp basins and that the Mount Currie sub-basin may be a localised 
pull-apart basin.
5) During the late Early Cambrian and continuing into the early Middle Cambrian (? 
Atdabanian to Ordian) plateau basalts were extruded extensively at the periphery of the region 
near the craton margin impling large-scale extension. The lack of evidence of upper crustal 
extension such as normal faulting or rapid lateral facies changes would be explained if the 
basins were formed in the plate overlying an extensional detachment zone initiated at the 
continental margin. Such a detachment zone would need to be at sufficiently shallow depth to 
cause crustal thinning giving rise to slight and extensive uplift followed by thermally induced 
subsidence as the lithosphere cooled.
6) In the latest Cambrian, the effects of regional compression corresponding to the 
Delamerian Orogeny at about 505 to 520 Ma in the Tasmanides to the southeast produced a 
short-lived break in sedimentation. Subsidence continued into the late Cambrian as the 
lithosphere continued to cool and thicken. A temporary contraction of the Amadeus Basin 
following a short-lived hiatus suggests compression at the time corresponding to the folding in 
the Delamerian Orogeny at the continental margin to the southeast The Amadeus Basin again 
became elongate parallel to and thickened towards the RDZ and contracted towards it, possibly 
in response to renewed faulting. The subsequent increase in subsidence and a widening of the 
basin suggests a drop in compression or mild extension allowing stress relaxation as the 
lithosphere continued to cool and thicken further. Oblique-slip contractile faulting may have 
been active concurrently with this compressional phase in parts of the Georgina Basin, for 
example in the Toko Syncline.
7) A major change in basin shape in the mid-Ordovician or later (Carmichael 
Sandstone) suggests a change in tectonic driving forces, but there are insufficient data to 
deduce much about the mechanism.
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8) The emergence above sea-level of a widespread region north of the Amadeus Basin 
and extending into the Georgina Basin corresponds to a period of contractile tectonics in the 
Tasmanides to the east during the Benambran Orogeny at about 440 to 430 Ma. The 
development of the succeeding basin may have been controlled initially by upper-crustal 
shortening at roughly 430 Ma followed by a drop in stress. The main basin development may 
have been due to accentuation of the initial basin by stress relaxation combined with 
simultaneous erosion of an emergent hinterland. The succeeding sub-basin again parallels the 
RDZ, but the extremely mature nature of the sediment and the slow rates of deposition suggest 
relative tectonic stability and that major faults were not active, though earlier uplift of the Arunta 
basement may have controlled the initial basin shape. Sedimentation spread eastwards from the 
Canning Basin, where it possibly started in the late Ordovician, and continued into the Silurian.
9) Reactivation of the RDZ and the Gardiner Thrust started at about 390 Ma or slightly 
earlier and possibly correlates with the Tabberabberan Orogeny in the Tasmanides. A 
resurgence of fault movements started at about 370-350 Ma and culminated at about the same 
time as the Kanimblan Orogeny was occurring in the Tasmanides, that is at about 320 to 350 
Ma. The combined fault movements resulted in a marginal tilted fault-block basin filled with 
siltstone, sandstone and finally a thick polymictic conglomerate molasse. A significant part of 
this final depositional phase has been removed by subsequent erosion. An oblique 
compressional fault-basin formed in the western Georgina Basin. It is this late-stage thrusting 
that has produced the final basin shapes and makes reconstruction of earlier sub-basin shapes 
difficult.
While the exact mechanism controlling each sub-basin's development may be debatable 
it is apparent that changes in mechanism have occurred. The changes were possibly in 
response to the changing stress state and boundary conditions at the margins to the lithospheric 
plate, combined with changes in the thickness of the lithosphere due to tectonic thinning during 
extension or another process which affected the geotherm. If stresses propagate over large 
distances, the central Australian intracratonic basins have been affected by the changing stresses 
and displacements at the Australian plate margin due to repeated rearrangment over a 600 Ma
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period. Such changes may be dramatic if shallow detachment zones form inboard of the plate 
margin.
It is possible that the Amadeus Basin is typical of many Late Proterozoic and 
Palaeozoic intracratonic basins and that a closer examination of other intracratonic basins will 
show them to be also made up of a succession of sub-basins formed by a variety of 
mechanisms.
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